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Preface 


Today’s medicine is directing patient-centered multidisciplinary approach, 
and imaging is an integral part of it. In line with this direction, “Oncologic 
Imaging: Urology” is a book presenting oncological diseases of the urinary 
tract including renal tumors, urothelial tumors, prostatic tumors, tumors of 
the male genitalia, adrenal tumors, and retroperitoneal tumors. 

This book was edited and written by specialists of urologic oncology in 
radiology, urology, pathology, nuclear medicine, and radiation oncology of 
the Seoul National University Hospital and the members of the Korean 
Society of Urogenital Radiology. We deeply appreciate all contributors 
named and unnamed for their works for this book. We hope this book is read 
by physicians of a variety of specialties who are interested in oncological 
diseases of the urinary tract. 


Seoul, Korea Seung Hyup Kim, MD 
Seoul, Korea Jeong Yeon Cho, MD 
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1.1 Introduction 
Malignant renal cell tumor (renal cell carcinoma: 
RCC) is the most common malignant renal tumor, 
and the most common benign renal tumor is 
angiomyolipoma (AML). Malignant renal mes- 
enchymal tumor (sarcoma) is rare. Other renal 
tumors include oncocytoma, metanephric ade- 
noma, mixed epithelial and stromal tumor, rare 
mesenchymal tumors such as leiomyoma or hem- 
angioma, nephroblastoma, and neuroendocrine 
tumors. Lymphoma and metastasis should be dif- 
ferentiated from these primary renal tumors. 
Most renal masses are detected by ultrasonog- 
raphy (US), but computed tomography (CT) is 
considered as the dominant imaging modality for 
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evaluating renal masses, especially for RCC in its 
staging and treatment planning. Some subtypes 
of RCC show typical CT finding and can be 
differentiated from other subtypes, which is 
important in planning treatment and expecting 
prognosis. Magnetic resonance imaging (MRI) is 
usually used in limited cases, in which US and 
CT fail to give sufficient information. 


1.2 Detection 


Although most renal masses are discovered inci- 
dentally, some tumors are detected during the 
work-up of patients’ symptoms such as hematuria 
or flank pain. Most symptomatic tumors are large, 
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Fig. 1.1 Small RCC discovered incidentally on CT. (a) 
Contrast-enhanced CT shows a 2.4 cm-sized, hypervascu- 
lar mass (arrow) in the left kidney. (b) The diameter of the 


but even small renal masses can cause significant 
symptom, and renin-producing juxtaglomerular 
cell tumor (reninoma) is an example. RCC with 
renal vein thrombus may be an underlying cause 
of scrotal varicocele, especially on the right side 
where the incidence is relatively rare. 

Most renal masses are detected on imaging 
performed for no or unrelated symptom. These 
masses are usually small, mostly smaller than 
3 cm in diameter (Fig. 1.1). Some lesions are too 
small to characterize on imaging. Because most 
incidentally discovered renal mass (inciden- 
taloma) is detected by US, the first step is the dif- 
ferentiation of these lesions from pseudotumor, a 
mass-like finding that mimics a neoplasm. The 
most common renal pseudotumor is congenital 
variations or anomalies such as a prominent col- 
umn of Bertin and dromedary hump. Doppler US 
can be helpful in the differential diagnosis to 
show normal vascular pattern in these pseudotu- 
mors [1, 2]. Echogenic mass such as AMLs or 
small RCCs can be easily detected on US. 50% 
of small RCC (<3 cm) can be detected by 
US. However, isoechoic masses, masses embed- 
ded totally in renal parenchyma, or masses 
located in polar regions are apt to be missed. 


1.3 Characterization 


1.3.1 US 


Renal masses can be divided into solid and cystic 
lesions. Although it is well known that US is 


mass increased as much as 2 mm during 2-year follow-up 
without metastasis. Clear cell RCC was confirmed after 
partial nephrectomy 


accurate in differentiating between cystic and 
solid renal masses, it is also known that often this 
differentiation is difficult. Sometimes a homoge- 
neous solid renal mass may be difficult to differ- 
entiate from a simple renal cyst if it accompanies 
posterior sonic enhancement and edge shadow- 
ing. The diagnosis of a simple renal cyst can be 
made if a renal mass is round, well demarcated, 
and anechoic and accompanies posterior acoustic 
enhancement. If a renal mass does not meet these 
criteria but also does not appear as an overt RCC, 
it can be defined as an indeterminate renal mass 
and should be evaluated further. Indeterminate 
renal masses can be categorized into mainly cys- 
tic, mixed cystic and solid, and mainly solid renal 
masses, and the amount of solid portions is 
important in the suspicion of malignancy [1, 2]. 

Although the main role of US in renal masses is 
detection and CT or MRI is usually used for further 
characterization, US may be required to provide 
additional information of renal masses detected on 
CT or MRI. Technical advances in US including 
tissue harmonic imaging, Doppler US, and con- 
trast-enhanced US (CEUS) increase the ability of 
US in characterizing renal masses (Fig. 1.2). 


1.3.1.1 Solid Renal Mass 

The most common solid renal tumor is RCC. Solid 
renal mass on US in adult should be considered as 
RCC unless strong evidence of other tumors is 
present. Differential diagnosis includes AML, 
oncocytoma, adenoma, lymphomas, metastases, 
and various benign mesenchymal tumors and sar- 
comas. A study showed that oncocytomas and 
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Fig. 1.2 Clear cell RCC. (a) Contrast-enhanced CT in 
corticomedullary phase shows a hypervascular mass 
(arrow) in the right kidney. The degree of the enhance- 
ment is similar to that of the renal cortex. (b) In nephro- 


AMLs were almost all of benign masses (12.8 %) 
among 2770 solid renal masses that were surgi- 
cally removed [3]. AML can show typical US 
findings such as bright high echo comparable to 
renal sinus fat (Fig. ). Small RCCs are also 
usually hyperechoic but may show characteristic 
findings such as intratumoral cysts and hypoechoic 
rim (Fig. 1.4). Lymphomas and metastases may 
be differentiated by clinical settings, but other 
tumors usually show nonspecific US finding, and 
other imaging modalities such as CT or MRI are 
required for further characterization. 


1.3.1.2 Cystic Renal Mass 
Simple cyst is the most common renal mass 
detected incidentally. If a cystic mass does not 


graphic phase, the mass enhances less than the renal 
parenchyma. (c) Contrast-enhanced US shows early 
enhancement of the mass (arrows), similar to the renal 
cortex (*) 


show typical findings of a simple cyst on US, it 
should be considered a complicated cyst. In eval- 
uating cystic masses based on US findings, inter- 
nal echoes, septa, wall thickness, calcification, 
and mural nodularity are important in assessing 
the risk of malignancy. 

Bosniak proposed a four-category classifica- 
tion system of cystic renal masses. Although it is 
based on CT findings, this classification is widely 
used also in US or MRI [4]. 


Bosniak I: Clearly simple cysts that have hairline- 
thin wall without septa, calcifications, or solid 
components. Hounsfield units (HU) of CT in 
the content is usually smaller than 20 (0-20), 
and does not enhance. 
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Fig.1.3 AML. (a) Contrast-enhanced CT shows a small, 
poorly enhancing mass (arrow) in the right kidney. (b) 
Noncontrast CT shows subtle low attenuation in the mass 
(arrow). (c) The mass (arrow) shows low SI on T2-weighted 


Bosniak II: Minimally complicated cysts with 
few, thin septa, or thin, fine calcification. The 
septa may be minimally thickened (Fig. 1.5). 

Bosniak III: More complicated cystic masses that 
contain thick or irregular walls or septa in 
which enhancement can be measured (Fig. 1.6). 

Bosniak IV: Clearly malignant cystic masses that 
not only contain all the characteristics of 
Bosniak III lesions but also contain enhancing 
soft tissue components adjacent to, but inde- 
pendently of, the wall of septa. Most malig- 


MR image. (d, e) Small area of signal drop (arrow) is 
detected in the mass on out-of-phase Tl-weighted MR 
image (d) compared with in-phase image (e). (f) The mass 
appears as a brightly high-echoic mass (arrow) on US 


nant complex renal cysts are cystic renal cell 
carcinomas (Fig. 1.7). 


In Bosniak classification, the probability of 
malignancy is virtually 0% for I and almost 
100 % for IV. The problem in this classification is 
almost always the differentiation between II and 
IMI, because the criteria are apt to be subjective. In 
1993, Bosniak added class IIF, which is a little bit 
more complicated than class II, but less than class 
III, and so needs close follow-up (Fig. 1.8). 
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Fig. 1.4 US of small RCC. (a) About 2 cm-sized, high- 
echoic mass shows low-echoic rim (arrow). (b) Small 
cysts (arrows) are visible in the mass on another plane. (c) 
Increased vascularity is noted around the mass (arrows) 
on color Doppler US 


Malignant risk of Bosniak IIF and III lesions 
is known as 5-10 % and 40-60 %, respectively 
[5]. A recent study retrospectively evaluated the 
outcome of Bosniak IIF and III cysts and 
reported higher malignancy rate (25%) in IIF 


Fig.1.5 Bosniak II cyst. Thin septal calcification (arrow) 
is noted on contrast-enhanced CT 


Fig. 1.6 Bosniak II cyst. Irregular wall and nodular 
thickening of a septum (arrow) is visible on contrast- 
enhanced CT. This cyst turned out to be cystic nephroma 
after surgery 


Fig. 1.7 Bosniak IV cyst. A complex cystic lesion in the 
left kidney shows multiple irregular septa with enhance- 
ment on contrast-enhanced CT. Multilocular cystic RCC 
was the pathologic diagnosis 


lesions and similar rate (54%) in III lesions. 
However, in this study, resected Bosniak IIF 
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Fig. 1.8 Bosniak IIF cyst. (a). Noncontrast CT shows a hyperattenuating nodule (arrow) in the left kidney. (b). This 
nodule shows no definite enhancement on contrast-enhanced CT, suggesting hemorrhagic cyst 


lesions were highly selected in patients with a 
high number of risk factors associated with 
malignancy: a history of primary renal malig- 
nancy, coexisting Bosniak IV lesion, and/or 
solid renal neoplasm [6]. 


1.3.1.3 Doppler US and Contrast- 
Enhanced US 
Color Doppler US (CDUS) or power Doppler US 
(PDUS) can be helpful in evaluating indetermi- 
nate renal masses by depicting vascularity in the 
mass (Fig. 1.4). Increased vascularity in a renal 
mass can suggest malignancy, whereas the 
absence of flow signals may suggest high likeli- 
hood of benign lesion. However, the presence of 
flow signals in the septa of a cystic mass does not 
always indicate malignancy, because benign neo- 
plasms such as cystic nephroma or even nonneo- 
plastic cysts may show flow signals in the septa. 
Flow signals on CDUS or PDUS should be con- 
firmed by using spectral Doppler US, because 
artifacts may mimic flow signals. 
Contrast-enhanced Doppler US can increase 
the detection of intratumoral vascularity compared 
to CDUS and PDUS. Recent development of con- 
trast-enhanced harmonic US imaging has pro- 
vided for a better assessment of the vascular 
morphology and the enhancing patterns of renal 
tumors, such as early enhancement and washout 
of RCC, in contrast to delayed and prolonged 
enhancement of AML (Fig. 1.2). Ultrasound con- 
trast agents are strictly intravascular and not 
excreted by or retained in kidneys, so that they can 
be used in patients with renal failure or urinary 


obstruction, unlike CT or MRI. Because CEUS is 
very sensitive for vascularity, it is especially use- 
ful in the differential diagnosis of hypovascular 
renal tumors or the detection of blood flow in the 
septa of complex renal cysts, even if enhancement 
on CT is equivocal [7]. A study showed higher 
sensitivity of CEUS in the diagnosis of hypovas- 
cular renal tumors compared with contrast CT 
(94.4% vs 88.9%) [8]. In a prospective study 
comparing CEUS with CT in the assessment of 
complex renal cysts, CEUS was proved to be 
appropriate for renal cyst classification with the 
Bosniak system, and complete concordance 
between CT and CEUS was observed regarding 
the need for surgery [9]. Another study demon- 
strated the superiority of CEUS as compared to 
grayscale US and to CT for the diagnosis of com- 
plex renal cysts [10]. 


1.3.2 CT 


1.3.2.1 Unenhanced CT 

Renal cysts show low attenuation (0-20 HU) on 
CT images regardless of contrast enhancement, 
but hemorrhagic cysts may show higher attenua- 
tion on unenhanced CT. These high-attenuation 
cysts should be categorized as Bosniak IIF, and 
follow-up is required (Fig. 1.8). Complicated 
cysts may show septal or wall calcifications, and 
close comparison with contrast-enhanced images 
should be made to differentiate from enhancing 
part. Solid RCCs usually show attenuation simi- 
lar to surrounding renal parenchyma. However, 
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Fig. 1.9 AML. (a) Noncontrast CT shows fatty compo- 
nent (arrow) of a mass in the right kidney. (b, c) Nonfatty 
component of the mass (arrow) enhances well in cortico- 
medullary phase (b) and shows persistent enhancement in 
nephrographic phase (c) 


the attenuation becomes heterogeneous in 
large tumors due to hemorrhage or necrosis. 
Calcifications in a renal mass may suggest malig- 
nancy, because RCCs can contain calcifications 
but AMLs do not. AMLs usually show higher 
attenuation than RCCs on unenhanced CT and 
contain low-attenuation part comparable to fat 
(Fig. 1.9). However, 5 % of AMLs do not contain 
enough fat to be detected on CT (Fig. 9). In 


Fig. 1.10 Multiple AMLs in tuberous sclerosis. (a) 
Noncontrast CT shows a hyperattenuating mass (arrow) 
without detectable fatty component in the left kidney. (b) 
This mass (arrow) shows heterogeneous enhancement on 
contrast-enhanced CT. (c) Other AMLs (arrows) are also 
found in bilateral kidneys. Note fatty component of an 
AML (small arrow) in the right kidney 


these fat-free or fat-deficient AMLs, the analysis 
of the shape and the enhancement pattern of the 
mass may be clues for the differentiation. 

A recent study with 193 pathologically proven 
RCCs reported that all RCCs contained substantial 
noncalcified regions that measured 20-70 HU in 
ROI attenuation on unenhanced CT. Therefore, 
indeterminate renal lesions on unenhanced CT 
measuring within this range warrant further 


workup, whereas lesions that fall entirely outside 
this range may be considered benign [11]. 


1.3.2.2 Contrast Enhancement 
Renal masses that do not enhance after the injection 
of contrast material are almost always benign, such 
as Bosniak I and II cysts. Enhancement in the septa 
and the wall of a cyst raises the probability of malig- 
nancy, and the enhancing solid part strongly sug- 
gests the malignancy. However, in small renal 
masses, enhancement itself is not definite evidence 
of malignancy because several investigators have 
reported that about 20% of the enhancing renal 
masses smaller than 4 cm turned out to be benign 
tumors after surgery [12]. On the other hand, 
severely necrotic masses may fail to demonstrate 
contrast enhancement in rare instances. Hemorrhage 
in the mass may mask subtle or small enhancing 
part, and close comparison with unenhanced CT or 
follow-up is required. In mildly enhancing lesions, 
true enhancement should be differentiated from 
pseudoenhancement due to strongly enhancing 
renal parenchyma. Although there is no strict cutoff 
value, a threshold of 20 HU is commonly used to 
indicate definitive enhancement and values of less 
than 10 HU as indicating no enhancement [13]. 
Dynamic contrast enhancement is essential for 
the differential diagnosis of solid renal masses. 
RCCs usually show strong enhancement on early or 
corticomedullary phase, and lower attenuation than 
renal parenchyma on delayed or nephrographic/ 
excretory phase (Fig. 1.2). This is true in most clear 
cell-type RCCs, but may be not in other types, such 
as papillary or chromophobe type. AMLs show 
variable degree of enhancement according to the 
ratio of components in the mass. Strong and early 
enhancement may be visible in AMLs with domi- 
nant angiomatous component, and the differentia- 
tion from RCC may be difficult. However, most 
AMLs show less and delayed enhancement com- 
pared with clear cell-type RCCs [14, 15]. 


1.3.3 MRI 


MRI can be useful in some circumstances to further 
evaluate a renal mass. It is usually used as a prob- 
lem-solving modality in suspicious or undetermined 
renal masses. MRI can replace CT if patients cannot 
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receive iodinated contrast agent. Furthermore, if the 
lesion has features such as endophytic property, 
small size (<1 cm), equivocal enhancement, or con- 
fluent areas of dense calcification, MRI may give 
more sensitive or specific information than CT. 


1.3.3.1 Signal Intensity 

Cyst or cystic masses show low signal intensity 
(SI) on Tl-weighted image (T1WI) and high SI 
on T2-weighted image (T2WT), identical to water. 
Hemorrhagic cysts show various signal, and 
recent hemorrhage tends to show high SI on TI WI 
and low SI on T2WL. The septa and wall of com- 
plicated cysts usually show low SI on T2WI. Most 
solid renal lesions appear isointense to the sur- 
rounding normal renal parenchyma on T1 WI and 
variable in SI on T2WI. Therefore, SI itself can- 
not provide many clues to the diagnosis. Chemical 
shift imaging is helpful to detect small amount of 
fat in AMLs, which may show signal drop on out- 
of-phase images (Fig. 1.3). However, this should 
be interpreted with caution because a similar sig- 
nal drop can be visible in clear cell RCC due to 
intracytoplasmic lipid [16]. Renal mass signal on 
T2WI may be helpful in differentiating fat-defi- 
cient AML from clear cell RCC. Fat-deficient 
AML shows low SI due to its smooth muscle con- 
tent, whereas clear cell RCC usually shows iso- or 
high SI on T2WI. Papillary RCC, however, also 
shows low SI on T2WI. Therefore, T2WI cannot 
be used to differentiate papillary RCC from AML 
(Figs. 1.3 and 1.11). 


Fig.1.11 Clear cell RCC in the left kidney and papillary 
RCC in the right kidney in the same patient. T2-weighted 
MR image shows bilateral renal masses (arrows). The 
right renal mass shows low SI but the left mass appears as 
a heterogeneous mass with high SI 
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1.3.3.2 Contrast Enhancement 

Gadolinium-enhanced dynamic images 
increase the diagnostic accuracy of renal masses. 
However, in MRI, there is no widely accepted 
method in determining enhancement objectively 
in renal masses. Subjective comparison of unen- 
hanced and contrast-enhanced images is usually 
used and may be useful in hypervascular tumors, 


can 


but the detection of enhancement may be difficult 
in hypovascular tumors. Hyperintense masses on 
unenhanced T1 WI, such as hemorrhagic masses, 
are another problem in evaluating enhance- 
ment.. In such cases, subtraction technique can 
be helpful to detect enhancement (Fig. ), and 


calculation of percent enhancement using arbi- 
trary SI units can be also applied [17, 18]. 


Fig.1.12 Xp11.2 translocation—TFE3 gene fusion carci- 
noma. (a) Noncontrast CT shows a heterogeneous, highly 
attenuating mass (arrow) in the left kidney, suggesting 
hemorrhage inside. (b) The enhancement in the mass is 
difficult to assess due to hemorrhage. (c, d) The mass 


(arrow) shows high SI on T1 WI of MRI (c) and heteroge- 
neous SI on T2WI (d). (e). Subtraction image obtained 
from dynamic contrast-enhanced MRI shows mildly 
enhancing component (arrow) in the mass 
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Fig. 1.13 Diffusion-weighted MR imaging of RCC. (a) 
Contrast-enhanced T1WI of MR shows a round, mildly 
enhancing mass (arrow). (b) The mass shows low SI on 


1.3.3.3 Diffusion-Weighted Imaging 
(DWI) 

DWI is a functional MR imaging based on the 
diffusion of water molecules in biological tis- 
sues. Apparent diffusion coefficient (ADC) can 
be calculated and mapped on imaging, which 
reflects the random thermal motion of protons. 
DWI in renal masses can be useful in identifying 
solid renal masses and evaluating the possibility 
of malignancy (Fig. 1.13). Previous studies sug- 
gested that DWI could provide comparable accu- 
racy to contrast-enhanced MRI in identifying 
renal lesions, and combined DWI and contrast- 
enhanced MRI had more specificity when com- 
pared to using those two methods alone [19]. 
ADC values of malignant solid masses are known 
to be lower than those of benign masses. 
Furthermore, the mean ADC value of clear cell 
RCC was reported to be significantly higher than 
other subtypes [20]. In a recent study with 
3.0Tesla DWI MRI, the mean ADC value was 
significantly lower in RCC than in normal renal 
parenchyma, and the ADC value was also statisti- 
cally different between clear cell RCC and other 
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T2WI. Note low-SI rim (arrow) in the periphery of the 
mass. (c) The mass (arrow) shows decreased diffusion on 
ADC image 


subtypes of RCCs [21]. However, objective eval- 
uation of DWI is not easy because there is sub- 
stantial inter- and intra-scanner variability in 
ADC measurement. ADC values also depend on 
selected b values that vary across institutions and 
protocols. 


1.3.4 Positron Emission 
Tomography 


FDG PET is capable of visualizing malignant 
tumors and associated lymph nodes and distal 
metastatic sites in a single test. In renal cell carci- 
noma, FDG PET can detect the renal cell 
carcinoma with various uptake patterns according 
to the histologic grades. Despite higher specific- 
ity, the sensitivity for the detection of malignant 
renal tumors is quite low of 47-60% because of 
the urinary excretion of FDG and incapability of 
discrimination of tumor uptake and excreted 
urine activity [22] (Fig. 1.14). However, FDG 
PET can detect the regional node or distant 
metastasis for the staging. About 30 % of patients 
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Fig. 1.14 A 63-year-old man presented with inciden- 
tally detected mass in the right kidney. FDG PET shows 
mild hypermetabolism (3.2 of SUVmax) in the 
corresponding mass (arrow) on enhanced CT scan. The 


with renal cell carcinoma have metastatic dis- 
eases at the initial diagnosis [23] (Fig. 1.15). The 
lung, bone, and brain are the most common sites 
of distant metastasis. The sensitivity for detecting 
metastases is higher than the detection of primary 
tumors in renal cell carcinoma [24] (Fig. 1.16). 
Moreover, FDG PET has better diagnostic per- 
formance in restaging and recurrence. Nakatani 
et al. [25] studied the value of FDG PET to detect 
recurrence disease in 23 postsurgical RCC 
patients with the sensitivity, specificity, and diag- 
nostic accuracy of FDG PET for detecting recur- 
rent malignancy of 81%, 71%, and 79%, 
respectively. The higher detection rate of recur- 
rence in renal cell carcinoma enables FDG PET 
with positive findings as a prognostic marker in 
patients with recurrent renal cell carcinoma [26]. 
FDG PET seems to be useful in characterizing 
anatomic lesions of unknown significance in 
patients with renal cell carcinoma [27] (Fig. 1.17). 
However, we need the clinical results in larger- 
scale patient numbers to establish the clinical 
utility of FDG PET in staging and restaging renal 
cell carcinoma. 


hypermetabolic mass lesion is discriminated from the 
adjacent urine activity with an aid of CT localization. 
Renal cell carcinoma is confirmed on histopathology 
after radical nephrectomy 


Recently, targeted drugs have been devel- 
oped and approved for use in metastatic renal 
cell carcinoma. Multikinase inhibitors inhibit 
the receptor tyrosine kinase VEGF receptor or 
the platelet-derived growth factor receptor in the 
endothelial cells and pericytes, respectively 
[28]. These drugs can be administered in patients 
with metastatic renal cell carcinoma as single 
agent, which makes PET imaging with a specific 
radiotracer that visualizes steps in the metabolic 
pathway of the targeted drug an attractive bio- 
marker for predicting and monitoring the effect 
of the drug [29]. The expression of glucose 
transporter (GLUT) is a downstream product of 
HIF transcriptional activity. Thus, the intensity 
of FDG uptake on PET may be reflective of the 
entire pathway of hypoxia [25]. FDG PET with 
its variable intensity in renal cell carcinoma 
may reflect the variable expression of the HIF 
signaling pathways in tumor hypoxia and 
expression of its downstream products, which 
may be predictive marker of the effect of the 
inhibitors of this pathway [30, 31]. Kayani et al. 
reported that tumors of renal cell carcinoma 
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Fig. 1.15 A 60-year-old man underwent FDG PET for 
staging of renal cell carcinoma. Para-aortic lymph node as 
well as left renal mass shows hypermetabolism (arrows), 


with a lower pretherapy uptake on FDG PET 
demonstrate a larger size decrease on CT after 
treatment with tyrosine kinase inhibitors 
[29, 31]. They proposed that the reduction of 
metabolic activity of more than 20 % in SUV on 
FDG PET can be used as a predictive marker for 
targeted therapeutics. 

Other kinds of molecular imaging targets have 
been proposed in order for more specific to renal 
cell carcinoma. The PET with 11C-acetate can 
also detect renal cell cancer. 11C-acetate, as a 
metabolic substrate of beta-oxidation, that is, pre- 
cursors of amino acid, fatty acid, and sterol, has 
been proved useful in detecting various malignan- 
cies [32]. In addition, it is an advantage for the 
11C-acetate that the urinary excretion is negligi- 
ble compared with FDG on PET imaging. Liu 
et al. [33] proposed another radiotracer of FLT on 
PET to characterize and quantify changes in 
tumor proliferation during sunitinib exposure and 
its temporary withdrawal and to explore pharma- 


which were confirmed as renal cell carcinoma with node 
metastasis after radial nephrectomy 


codynamics changes that may yield insight into 
predicting treatment response. In another view 
point of metabolic alteration by hypoxia, tumor 
hypoxia can be evaluated by 18F-FMISO 
(Fig. 1.18). However, Hugonne et al. [34] reported 
that hypoxia in metastatic RCC as assessed by 
FMISO PET was less frequent and less pro- 
nounced than initially suspected. 

In summary, FDG is the most commonly used 
PET radiopharmaceutical in assessing malignant 
tumors. However, urinary tract tumor assessment 
is hampered by the renal elimination of FDG. On 
the contrary, PET scan using C-11 labeled acetate 
or other molecular tracers enables us to obtain 
pelvic images with molecular target specific 
information in order for staging, restaging, prog- 
nosis assessment, response evaluation, and/or 
prediction as well as without radioactivity of 
eliminated tracers in the urinary tract [32]. Larger 
studies are required before it can be advocated 
for clinical use in the field of urology. 
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Fig.1.16 A 57-year-old man presented with incidentally 
detected renal mass. FDG PET shows an exophytic hyper- 
metabolic mass in the inferior pole of the left kidney with 


1.3.5 Biopsy 


Percutaneous biopsy of renal masses has been 
usually performed in the suspicion of metastatic 
renal tumor, for the pathologic diagnosis of 
unresectable renal mass including multiple, 
bilateral masses, or suspicion of renal involve- 
ment of inflammatory or autoimmune diseases. 
However, biopsy is also frequently performed in 
other renal masses nowadays, because nephron- 
saving surgery becomes popular. Core biopsy 
can provide an accurate and safe diagnostic tool 
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hypermetabolic bone lesion in the sacrum (arrows). FDG 
PET is a useful method to detect unexpected metastasis in 
a single test 


in small renal masses, which turn out to be 
benign in 13-16% after surgery. In a study of 
268 small renal masses (<4 cm) biopsied, diag- 
nostic yield was obtained in 80% and 26% of 
them were benign. The accuracy of biopsy in 
determining benign or malignant lesions was 
100% in cases where nephrectomy was done 
[35]. Therefore, biopsy should be offered before 
surgical intervention in indeterminate small 
renal masses. US is usually used for guiding 
biopsy, and CT-guided biopsy is being also used 
for small masses. 
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Fig. 1.17 A 58-year-old man underwent diagnostic 
work-up for the evaluation of incidentally detected lymph 
node enlargement in the left aortic lymph node, which 
was metastatic adenocarcinoma on biopsy. FDG PET 


Fig. 1.18 Tumor hypoxia 
can be evaluated by 
18F-FMISO PET. Two 
patients with liver 
metastasis underwent 
palliative chemotherapy. 
(a) One patient with a 
metastatic lesion of high 
FMISO uptake shows 
progression and (b) the 
other patient with a 
metastasis of low FMISO 
uptake shows response 
after palliative chemo- 
therapy (arrow) 


shows hypermetabolism in the solid area of the cystic 
mass which is corresponding with cystic mass in the left 
kidney on contrast-enhance CT. Clear cell RCC was con- 
firmed on histopathology after resection 


Pre-treatment Post-treatment 


CT 


FDG 


1 Renal Tumors 


1.4 Malignant Renal Cell Tumors: 


Renal Cell Carcinoma 


The most common renal cell tumor is RCC in 
adults. It is also the most common renal malignant 
tumor, comprising more than 90 % of them. Owing 
to early detection, the incidence of RCC is rising, 
as 30—40 % of RCCs are detected incidentally by 
imaging. It is more common in males than females 
and the most common in 40—60-year-old patients. 

In the WHO classification proposed in 2004, 
several distinct histologic subtypes of RCC include 
clear cell RCC, papillary RCC, chromophobe 
RCC, hereditary cancer syndromes, multilocular 
cystic RCC, collecting duct carcinoma, medullary 
carcinoma, mucinous tubular and spindle cell 


Fig. 1.19 Macroscopic findings of clear cell renal cell carci- 
noma. (a) Grossly, clear cell renal cell carcinoma typically 
shows golden-yellow-colored cut surface. (b) Occasionally 
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carcinoma, neuroblastoma-associated RCC, Xp11.2 
translocation—TFE3 carcinoma, and unclassified 
lesions. Sarcomatoid RCC is considered as the 
result of sarcomatoid dedifferentiation of other 
RCCs and no longer a subtype [36]. 


1.4.1 Pathologic Consideration 

1.4.1.1 Clear Cell Renal Cell Carcinoma 
Grossly, clear cell renal cell carcinoma is relatively 
well demarcated and frequently uncapsulated but 
occasionally has fibrous pseudocapsule. On cut 
surface, clear cell renal cell carcinoma typically 
reveals golden yellow color, and high-grade area 
shows white to gray cut surface (Fig. ). 


whitish- to grayish-colored area (arrow) can be found in high- 
grade clear cell renal cell carcinoma. (c). Hyaline changes, 
cystic changes, or hemorrhages are frequently found 
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They frequently have variable cystic change, hya- 
line change, necrosis, and hemorrhage (Fig. 1.19c). 
Calcification or ossification is rarely found. 
Histologically clear cell renal cell carcinoma 
shows various architectural patterns such as solid 
sheet, nest, alveolar, tubular, or microcyst forma- 
tions. Tumor cells typically have clear cytoplasm 
with distinct cell border (Fig. 1.20a), but eosino- 
philic granular cytoplasm can be found especially 
in high-grade area. Rhabdoid feature of tumor 
cells is rarely found (Fig. 1.20b) [37, 38] and is 
associated with aggressive behavior and metasta- 
sis [39, 40]. Tumor cell nuclei of low-grade clear 
cell renal cell carcinoma are small, round, and 
uniform with fine chromatin. High-grade clear 
cell renal cell carcinomas generally have larger 
nuclei with prominent nucleoli. Highly pleomor- 
phic nuclei can be found in high-grade tumor. 
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Sarcomatoid change is also found in about 4-5 % 
of clear cell renal cell carcinomas [41, 42] 
(Fig. 1.20c). 


1.4.1.2 Multilocular Cystic Renal Cell 
Carcinoma (Multilocular Cystic 
Neoplasm of Low Malignant 
Potential) 
Multilocular cystic renal cell carcinoma is a well- 
demarcated multicystic mass without solid or 
expansile tumor nodules. Generally, this tumor is 
entirely cystic with fibrous capsule, thin septa, 
and multiple cysts containing clear or bloody 
fluid (Fig. 1.21). 

Microscopically, multilocular cystic renal cell 
carcinoma is composed of multiple cysts lined by 
mainly single layer of clear tumor cells, but lining 
cells are often absent. Small clear cell clusters 


Fig. 1.20 Microscopic findings of clear cell renal cell 
carcinoma. (a) Tumor cells of clear cell renal cell carci- 
noma typically have clear cytoplasm and distinct cell bor- 
der. (b) Some tumor cells of this clear cell renal cell 


carcinoma reveal rhabdoid changes (arrow). (c) 
Sarcomatoid change of clear cell renal cell carcinoma 
shows malignant spindle cells between clear tumor cell 
nests 
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Fig.1.21 Multilocular cystic renal cell carcinoma shows 
well-circumscribed multiple cysts without solid tumor 
nodules 


Fig. 1.22 Microscopically, cyst wall is lined by tumor 
cells with clear cytoplasm and low-grade nuclei 


can be present in fibrous septa. Tumor cells have 
small low-grade nuclei with clear cytoplasm 
(Fig. 1.22). 


1.4.1.3 Papillary RCC 
Papillary renal cell carcinoma is a well-demarcated 
mass with frequent fibrous pseudocapsule. Cut 
surface of papillary renal cell carcinoma reveals 
gray to red brown to golden yellow color with fre- 
quent hemorrhage and necrosis (Fig. 1.23). 
Microscopically, the main architectural pattern 
of papillary renal cell carcinoma is papillary 
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arrangement with fibrovascular core and occa- 
sionally shows tubular arrangement. The papillae 
are covered by single layer of tumor cells or occa- 
sionally pseudostratified tumor cells. Varying 
degrees of aggregates of lipid-laden macrophages 
are frequently found in fibrovascular core. 
Psammomatous calcifications are occasionally 
present. Papillary renal cell carcinoma is classi- 
fied into two subtypes, type | and type 2 [43, 44]. 
Type 1 papillary renal cell carcinoma shows small 
tumor cells with scanty basophilic cytoplasm, 
small nuclei, and inconspicuous nucleoli. Covered 
tumor cells mainly form single layer (Fig. 1.24a). 
Type 2 papillary renal cell carcinoma is character- 
ized by tumor cells with voluminous eosinophilic 
cytoplasm, large nuclei, and prominent nucleoli. 
Tumor cells are frequently pseudostratified 
(Fig. 1.24b). Type 2 papillary renal cell carcino- 
mas show more aggressive behavior [43]. 


1.4.1.4 Chromophobe RCC 
Grossly, chromophobe renal cell carcinoma is a 
well-circumscribed mass with yellow-tan- to 
brown-colored, homogeneous cut surface 
(Fig. 1.25). Hemorrhage or necrosis is rarely 
found. Central fibrous scar can be present. 
Microscopically, tumor cells of chromophobe 
renal cell carcinoma are mainly arranged in solid 
sheet or trabecular pattern. Tumor cells have dis- 
tinctive thick cell border and abundant pale 
eosinophilic to clear cytoplasm (Fig. 1.26a). 
Perinuclear halo is frequently found (Fig. 1.26b). 
Nuclei of chromophobe renal cell carcinoma are 
small and uniform and occasionally have irregu- 
lar nuclear membrane. Binucleated nuclei are 
also present. Sarcomatoid change is rarely found 
in chromophobe renal cell carcinoma (Fig. 1.26c). 


1.4.1.5 Carcinoma of Collecting Duct 
of Bellini (Collecting Duct 
Carcinoma) 
Collecting duct carcinoma is mainly located in 
renal medulla and often involves renal cortex. 
Generally, this tumor shows white- to gray-colored, 
firm cut surface with infiltrative border (Fig. 1.27). 
Hemorrhage and necrosis are frequent. 
Microscopically, collecting duct carcinoma is 
mainly composed of irregular-shaped tubules and 


Fig. 1.23 Macroscopic findings of papillary renal cell 
carcinoma. (a) A papillary renal cell carcinoma shows a 
well-circumscribed mass with encapsulation. On cut 


Fig. 1.24 Microscopic findings of papillary renal cell 
carcinoma. (a) Type 1 papillary renal cell carcinoma 
shows well-formed papillary configurations lined by 
small tumor cells with scanty cytoplasm and small nuclei. 
Foamy macrophage collections are found. (b) Type 2 pap- 


Fig. 1.25 Grossly, chromophobe renal cell carcinoma is 
a well-defined mass with yellowish cut surface 
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surface, massive hemorrhage and necrosis are found. (b) 
This papillary renal cell carcinoma reveals prominent yel- 
low color, indicating lipid-laden macrophage collections 


illary renal cell carcinoma reveals papillary architectures 
lined by eosinophilic tumor cells with abundant cyto- 
plasm and prominent nucleoli. Tumor cells show pseu- 
dostratification. Foam cell collections are also found 


papillae. Tumor cells have high-grade morphol- 
ogy with eosinophilic cytoplasm and pleomor- 
phic nuclei (Fig. ). Frequent mitosis, 
desmoplastic stroma, and infiltration into sur- 
rounding renal parenchyme are typical features 
of collecting duct carcinoma. 


1.4.1.6 MiTF/TFE Family Translocation- 
Associated Carcinoma 

This specific renal cell carcinoma subtype is 

defined by gene translocations between MiTF/TFE 

family gene (TFE3 (Xp11.2), TFEB (6p21)), and 
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Fig.1.26 Microscopic findings of chromophobe renal cell 
carcinoma. (a) Tumor cells are arranged in solid pattern. 
Cytoplasms are clear or eosinophilic with thick cell border. 


Fig. 1.27 Collecting duct carcinoma is a whitish firm 
mass with infiltration into the renal parenchyma 


variable partner genes including PRCC (1q21) and 
ASPL (17q25) [45-50]. TFE3 translocation renal 
cell carcinomas and TFEB translocation renal cell 
carcinomas are included in this category. 

Grossly, TFE3 translocation renal cell carci- 
noma has variable gross appearance. Sometimes 


(b) Perinuclear halo is frequently found. (c) Sarcomatoid 
change of chromophobe renal cell carcinoma shows malig- 
nant spindle cells between typical tumor cell nests 


Fig. 1.28 Microscopic findings of collecting duct carci- 
noma. Tumor shows tubulopapillary architecture with 
fibrotic stroma. Nucleoli are prominent 


this tumor has infiltrative border. Cut surface 
shows white, tan, or yellow color with occasional 
necrosis and hemorrhage (Fig. 1.29) [46, 47]. 
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Microscopic features can be variable accord- 
ing to translocation type. Many reported cases 
show tubulopapillary architecture with volumi- 
nous clear to eosinophilic cytoplasm and often 
psammomatous calcification in TFE3 trasloca- 
tion renal cell carcinomas (Fig. ) [46, 47]. 

Immunohistochemistry and FISH study help in 
the correct diagnosis of these translocation carci- 
nomas [51]. Immunohistochemical staining for 
TFE3 shows strong and diffuse nuclear positivity 
in TFE3 translocation carcinoma (Fig. ). 
TFE3 break-apart FISH study reveals split signals 
of TFE3 gene (Fig. ) (52, 53]. 


1.4.1.7 Mucinous Tubular and Spindle 
Cell Carcinoma 

Grossly, mucinous tubular and spindle cell carci- 

noma is a well-demarcated solid homogeneous 


Fig.1.29 This TFE3 translocation renal cell carcinoma is 
a whitish mass with focal hemorrhage 
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mass with pale yellow- to gray-colored cut sur- 
face (Fig. ). 

Microscopically, mucinous tubular and spin- 
dle cell carcinoma is composed of small tightly 
packed tubules and spindle cells with mucinous 
stroma (Fig. ). Tumor cells generally have 
low-grade nuclei and scanty cytoplasm. 


1.4.1.8 Renal Cell Carcinoma 

Associated with End-Stage 

Renal Disease (ESRD) 
Two specific renal cell carcinoma types are fre- 
quently related to end-stage renal disease [54]. 


Acquired Cystic Disease-Associated Renal 
Cell Carcinoma 

Acquired cystic disease-associated renal cell carci- 
noma is generally found in acquired cystic disease 
patients on dialysis. Grossly, acquired cystic dis- 
ease-associated renal cell carcinoma is a well- 
circumscribed small tumor and is often found 
within cysts (Fig. ). Microscopically, this 
tumor shows acinar, alveolar, solid, and cystic pat- 
tern. The tumor cells have abundant eosinophilic 
cytoplasm and prominent nucleoli (Fig. ) [55]. 


Clear Cell Papillary Renal Cell Carcinoma 

Clear cell papillary renal cell carcinoma is found 
in ESRD or non-ESRD patients. Grossly, this 
tumor is a well-circumscribed yellowish or whit- 
ish mass with fibrous capsule and occasional cys- 
tic change (Fig. ). Microscopically, clear 
cell papillary renal cell carcinoma is composed 
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Fig. 1.30 Microscopic findings of TFE3 translocation renal cell carcinoma. (a) TFE3 translocation renal cell carci- 
noma frequently shows papillary configurations. (b) Clear tumor cells and calcifications are found in this tumor 
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Fig. 1.31 Ancillary tests for TFE3 translocation renal cell 
carcinoma. (a) Immunohistochemical staining for TFE3 
shows diffuse strong nuclear staining in TFE3 translocation 


Fig. 1.32 Gross photograph of mucinous tubular and 
spindle cell carcinoma shows a well-demarcated solid 
whitish mass with homogeneous cut surface 


of exclusively clear cells with tubule—papillary 
architecture (Fig. 1.35b). Nuclei are generally 
low grade. Unlike papillary renal cell carcinoma, 
foamy macrophages are not present. Cystic 
change is frequently found [56]. 


1.4.1.9 Unclassified Renal Cell 
Carcinoma 

Unclassified renal cell carcinoma is defined as renal 
cell carcinomas that cannot fit into one renal cell 
carcinoma category. Some cases have morphologic 
features of two or more renal cell carcinoma types. 
Other cases are high-grade undifferentiated cases or 
pure sarcomatoid renal cell carcinoma [57]. 
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carcinoma. (b) TFE3 break-apart FISH study shows one set 
of fused signal and one set of red and green split signals 
(arrows) in TFE3 translocation renal cell carcinoma 
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Fig. 1.33 Microscopically, this mucinous tubular and 
spindle cell carcinoma reveals vague tubule formation and 
spindle-shaped cells with mucinous background. Tumor 
cells have low-grade nuclei 


1.4.1.10 Nuclear Grading of RCC 

Fuhrman nuclear grading is a very important 
prognostic factor of renal cell carcinoma [58]. 
This grading system is mainly defined by nuclear 
size and nucleolar prominence. Tumors of 
Fuhrman grade 1 have small dense nuclei with no 
visible nucleoli inx 10 objective lens. Grade 2 
tumors have fine granular open chromatin with 
inconspicuous nucleoli. Nucleoli are identifiable 
at higher magnification (x40 objective lens). 
Grade 3 tumors reveal prominent nucleoli that 
can be easily identifiable atx 10 objective lens. 
Grade 4 nuclei show nuclear pleomorphism with 
large nucleoli (Fig. 1.36). 
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Fig. 1.34 Pathologic features of acquired cystic disease- 
associated renal cell carcinoma. (a) Grossly, acquired cys- 
tic disease-associated renal cell carcinoma is a 


Fig. 1.35 Pathologic features of clear cell papillary renal 
cell carcinoma. (a) Grossly, clear cell papillary renal cell 
carcinoma is a well-circumscribed whitish mass with encap- 
sulation and frequent cystic change. (b) Microscopically, 


1.4.2 Imaging 

1.4.2.1 Staging 

The TNM staging system of RCC is summarized 
in Table 1.1. T1 and T2 tumor without nodal or 
distant metastasis belongs to Stage I and II, 
respectively. Stage II means T3 or N1 disease 
without distant metastasis, and T4 or M1 disease 
are in stage IV [59]. The staging is important not 
only in predicting the prognosis but also planning 
the treatment, because tumorectomy or partial 
nephrectomy is preferred in locally noninvasive 
tumors nowadays. 
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well-circumscribed mass with cystic change. (b) 
Microscopically, tumor cells have abundant eosinophilic 
cytoplasm 


clear cell papillary renal cell carcinoma is composed of clear 
cells with tubule—papillary architecture. Tumor cell nuclei 
are low grade 


In staging of RCC, invasion into renal fascia or 
adjacent organs, renal vein thrombosis, regional 
lymph node enlargement, or distant metastasis are 
important CT findings (Fig. 1.37). Multidetector- 
row CT (MDCT) is now the imaging modality of 
choice for staging and preoperative planning of 
RCCs. MDCT increases the accuracy of CT in 
staging RCC compared with MRI. In a prospec- 
tive study to compare the diagnostic accuracy of 
MRI and MDCT, similar accuracy (0.78—0.87 vs 
0.80-0.83) was shown. MDCT also yields similar 
staging results in evaluating the extent of venous 
thrombosis as MRI [60]. 
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Fig. 1.36 Fuhrman nuclear grading of renal cell carci- 
noma. (a) Fuhrman nuclear grade I. Tumor cells have 
small nuclei and inconspicuous or invisible nucleoli 
(x400). (b) Fuhrman nuclear grade II. Tumor cells show 
distinct nucleoli at high magnification (x400) but not con- 


Table 1.1 TNM Staging system of RCC (7th edition) 


T1 Tumor confined to renal capsule 


Tla |<4cm 

Tib |4-7 cm 

T2 Tumor confined to kidney 

T2a |7-10cm 

T2b |>10 cm 

T3a | Spreading into perinephric tissue, renal sinus, 
or renal vein 

T3b | Spreading into inferior vena cava (IVC) below 
diaphragm 

T3c | Spreading into IVC above diaphragm or 


invasion into wall of IVC at any level 


T4 | Beyond Gerota’s fascia or direct invasion into 
ipsilateral adrenal gland 


NO | No nodal involvement 

N1 | Regional lymph node(s) metastasis 
MO 
M1 _| Distant metastasis 


No distant metastasis 


spicuous at x 10 objective lens. (c) Fuhrman nuclear grade 
Il. Tumor cells reveal distinct nucleoli at this magnifica- 
tion (x100). (d). Fuhrman nuclear grade IV. Tumor cells 
have large and pleomorphic nuclei 


When considering nephron-sparing surgery, 
the detection of intrarenal infiltrations of RCC is 
important. MDCT shows good sensitivity in pre- 
dicting arterial infiltration but the lowest speci- 
ficity in excluding infiltration of the renal pelvis 
[61]. In the detection of perirenal fat invasion, 
stranding, collateral vessels, fat obliteration, dis- 
crete soft tissue mass, and fascial thickening are 
suggestive CT findings. Among them, mass over 
than | cm is the only strong evidence of perirenal 
invasion. The interruption of the pseudocapsule, 
which is formed by compressed renal parenchyma 
around RCC, is an important sign of locally inva- 
sive tumor within perirenal fat. On MRI, the 
pseudocapsule appears as low SI rim in the periph- 
ery of tumor on T2WI (Fig. 1.13). Multiplanar 
images are required to prove an intact pseudo- 
capsule, which implies a lack of perinephric fat 
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Fig. 1.37 RCC staging on CT. Contrast-enhanced CT in 
coronal plane shows a large RCC (large arrow) in the left 
kidney. Multiple lymph node metastases (white small 
arrows) and thrombus in the inferior vena cava (black 
small arrow) are important findings for staging 


invasion and that the tumor can be removed by 
partial surgery. The pseudocapsule also appears 
as low-attenuation rim on contrast-enhanced CT 
(Fig. 1.38), and a recent study reported that the 
accuracy of MDCT in the detection of pseudocap- 
sule was 83 % with the histopathologic results as 
the standard of reference. Imaging in the portal 
and nephrographic phases with coronal and sag- 
ittal reformations proved more accurate in the 
detection of pseudocapsule [62]. 

MDCT is also important in providing renal 
vascular information before surgery. Multiplanar 
reformation (MPR) and 3D volume-rendering 
(VR) images can provide the accurate informa- 
tion of the renal vasculature including the num- 
ber, early branching and late confluence of renal 
vessels, the relations with the collecting system, 
and the depiction of anatomic variants. In a series 
of 47 cases with two-phase MDCT angiography, 
the accuracy for the only-arterial anatomy was 
97.9% and only-venous anatomy was 100%. 
This result can suggest the MDCT angiography 
can fully replace catheter-based angiography for 
assessing vascular supply of the kidney before 
surgery [63]. 


1.4.2.2 Subtypes of RCC 
Because prognosis is significantly different 
among subtypes of RCCs, preoperative knowl- 
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Fig. 1.38 Pseudocapsule of RCC on CT. Contrast- 
enhanced CT shows a hypervascular mass in the left kid- 
ney. Note thin, low-attenuation rim (arrow) between the 
mass and renal parenchyma 


edge of the subtype is important in planning 
treatment. CT may differentiate these subtypes 
based on the degree of enhancement, enhance- 
ment pattern, calcification, and tumor-spreading 
patterns. 91-100% specificity was reported in 
differentiating clear cell RCCs from other sub- 
types on biphasic contrast-enhanced CT, depend- 
ing on the degree of enhancement. Homogeneous 
enhancement is the most common in chromo- 
phobe type, and calcification is more common in 
papillary and chromophobe types. Perinephric 
change and venous invasion are common in col- 
lecting duct carcinoma [64]. 


Clear Cell RCC 

Clear cell RCCs are the most common subtype of 
RCC (70-75 %). Multicentric (5 %) or bilateral 
(1-2 %) tumors are rarely encountered. They are 
usually spherical and the margin is smooth and 
well demarcated. They are located in the renal 
cortex with expansile growth. The tumors are 
often surrounded by the pseudocapsule formed 
by the compressed surrounding renal paren- 
chyma (Fig. 1.38) [65]. 

On imaging, they commonly appear heteroge- 
neous due to hemorrhage, necrosis, and cysts. 
Calcification can be found in 10-15 % and gross 
fat is seldom detected on CT. Clear cell RCCs are 
typically hypervascular on contrast-enhanced CT 
and show earlier and stronger enhancement than 
other subtypes. Characteristically, they enhance 
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similarly to or stronger than renal cortex at early 
arterial or corticomedullary phase of contrast- 
enhanced CT (Fig. 1.2). A recent study reported 
that multiphasic MDCT could discriminate clear 
cell RCC from oncocytoma, papillary RCC, and 
chromophobe RCC with the accuracies of 77%, 
85%, and 84%, respectively, because clear cell 
RCCs exhibit significantly greater enhancement 
at the corticomedullary phase [66]. 

On MRI, clear cell RCCs usually show high SI 
on T2WI and iso SI on T1WI to that of the renal 
parenchyma (Fig. 1.11). Hemorrhage and necrosis 
make the tumor appear heterogeneous on 
T2WI. Pseudocapsule of the mass appears as low- 
signal rim at the periphery of the mass. Considerable 
signal drop within the solid portions of a clear cell 
RCC on opposed phase MR images can be detected 
in up to 60%, due to the presence of intracytoplas- 
mic fat. Dynamic contrast-enhanced MRI can pro- 
vide important information in differentiating from 
other subtypes. A study reported that tumor-to-cor- 
tex enhancement indexes at the corticomedullary 
and nephrographic phases of dynamic contrast- 
enhanced MRI were the largest for clear cell RCCs 
and the smallest for papillary RCCs. SI changes on 
corticomedullary phase images was the most effec- 
tive parameter for the differentiation [67]. 


Papillary RCC 

It accounts for 10-15 % of all RCC and the second 
most common subtype. There are two histomor- 
phologic subtypes (type | and 2), and type 1 tumors 
are typically of a lower stage and grade than type 2 
tumors and associated with a better prognosis. 
Bilateral or multifocal tumors are more common in 
papillary RCC than in other subtypes, which is 
especially common in hereditary syndromes. 
Papillary type is the most common in RCCs arising 
in patients with ESRD. Long duration of dialysis 
may be a predisposing factor (Fig. 1.39). It is usu- 
ally solid, slow growing, and in intrarenal location 
in 70% at presentation [65]. On US, it usually 
appears as a homogeneous mass of variable echo- 
genicity and hypovascular on Doppler US. On CT, 
high attenuation within tumor on unenhanced 
images may be visible due to hemorrhage, even in 
small tumors. Fat is rarely detected. Papillary 
RCCs show weak, homogeneous, and persistent 


Fig. 1.39 Papillary RCC in ESRD. Contrast-enhanced 
CT shows a small hypervascular mass (arrow) in the left 
kidney, suggesting RCC. Note atrophic kidneys 


enhancement on dynamic  contrast-enhanced 
images (Fig. 1.40). These findings are not different 
between type 1 and 2 tumors [68]. On MRI, they 
show homogeneous low SI compared with the cor- 
tex on T2WI. This low SI on T2WI, which may be 
due to hemosiderin deposition, hemorrhage, or 
necrosis, is an important MR characteristic in dif- 
ferentiating from clear cell RCCs [69] (Fig. 1.11). 
Clear cell RCCs usually show heterogeneously 
high SI on T2WI and strongly enhance on cortico- 
medullary phase, but papillary RCCs enhance min- 
imally on early phase and less than renal 
parenchyma on nephrographic phase. 


Chromophobe RCC 

It is the third most common subtype and accounts 
for approximately 4-11 % of RCCs. There is no 
gender preponderance, and it is most common 
in the sixth decade of life. It has the best 
prognosis among RCCs, although large tumors 
may be accompanied by hepatic metastases. On 
US, chromophobe RCCs tend to be homoge- 
neously echogenic. On CT, and MRI, they 
enhance homogeneously and mildly. This homo- 
geneous enhancement is also visible in even large 
tumors (Fig. 1.41). On dynamic contrast- 
enhanced images, they enhance intermediately 
on corticomedullary phase and show variable 
enhancement (early washout or constant 


26 


Fig.1.40 Papillary RCC. (a—c) In three-phased contrast- 
enhanced CT, a mass (arrow) in the left kidney is slightly 
hyperattenuating on noncontrast CT (a) and mildly 
enhancing both in corticomedullary (b) and in nephro- 
graphic (c) phase 


enhancement) on delayed phases. Fine reticular 
enhancement has been reported on corticomedul- 
lary phase in 70 % of cases, which may be helpful 
for the differentiation from other subtypes [65]. 
Spoke-wheel pattern of enhancement has been 
also described, similar to the enhancement pat- 
tern of oncocytoma. Oncocytomas share similar 
histologic features with chromophobe RCCs and 
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Fig. 1.41 Chromophobe RCC. (a-c) Three-phased 
contrast-enhanced CT show a mass (arrow) in the left 
kidney, which is homogenous and mildly enhancing 
((a) noncontrast scan, (b) corticomedullary phase, (c) 
nephrographic phase) 


may show similar imaging findings [70]. On 
MRI, chromophobe RCCs may show signal 
intensity similar to that of clear cell RCCs or 
might appear low SI on T2WI compared with 
renal parenchyma [71]. 
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Multilocular Cystic RCC 

Multilocular cystic RCC is a rare subtype and con- 
stitutes 1—4 % of all RCCs. The incidence is more 
common in males than females and higher in mid- 
dle-aged patients (around 50 years old). Its prog- 
nosis is usually favorable, and the cure can be 
almost achieved by nephrectomy. It appears as a 
multilocular cystic mass on imaging with septa of 
variable thickness. It is separated from renal 
parenchyma by a fibrous capsule, and the septa 
and the capsule enhances mildly or minimally on 
CT and MRI (Fig. 1.7). They may show enhancing 
nodular thickening and can contain calcifications 
in 20%. They appear as cystic masses of variable 
Bosniak category from IIF to IV, and the higher 
the category, the larger the volume of malignant 
cells and/or vascularized fibrous tissue [72]. 


Collecting Duct Carcinoma 

It is a rare and highly aggressive subtype, 
accounting for less than 1% of all RCCs. 
Metastasis is present at the time of diagnosis in 
one-third of the patients. The prognosis is very 
poor, and two-thirds of patients cannot live for 
more than 2 years after the diagnosis. It is more 
common in males (male to female ratio: 2:1) and 
the mean age is 55 years. Its typical imaging 
appearance is an infiltrative tumor with the 
epicenter in the medullary portion of the kidneys 
near the renal pelvis. US appearance is nonspecific 
and usually shows heterogeneous echogenicity 
due to necrosis and hemorrhage. CT and MRI 
findings are also nonspecific, especially in larger 
tumors, and the differentiation from other sub- 
types is often difficult. On CT, it is poorly enhanc- 
ing and may have calcifications. The enhancement 
pattern is heterogeneous or predominantly 
peripheral. Its infiltrative pattern of growth pre- 
serves renal contour (Fig. 1.42). On MRI, it 
shows variable SI on T1 WI and usually low SI on 
T2WI. Heterogeneous SI is common due to 
necrosis, hemorrhage, and calcification, and a 
cystic portion may be visible in 50 % [65, 73]. 


Renal Medullary Carcinoma 

It is also rare, accounting for less than 1 % of all 
RCCs. It occurs exclusively in patients with 
sickle cell trait. The patients are almost always 
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Fig. 1.42 Collecting duct carcinoma. Contrast-enhanced 
CT shows a large, ill-defined mass (large arrow) in the left 
kidney. Renal contour is preserved, and enlarged regional 
lymph node (black small arrow) and renal vein thrombus 
(white small arrow) are visible 


young, aged between 11 and 40 years. The male- 
to-female ratio is 2:1. Medullary carcinomas are 
aggressive tumors with early local invasion and 
distant metastasis and the prognosis is unfavor- 
able. On imaging, they appear as ill-defined and 
infiltrative masses centered on the renal medulla. 
The renal contour is usually persevered, and cali- 
ectasis is commonly associated. On CT and MRI, 
they are hypovascular and heterogeneously 
enhancing. They show heterogeneous SI on 
T2WI due to necrosis and hemorrhage [65, 74]. 


Mucinous Tubular and Spindle Cell 
Carcinoma 

It has been often diagnosed as a sarcomatoid 
RCC or a renal sarcoma but newly classified as a 
distinctive subtype. Its clinical course is indolent 
and the prognosis is favorable. Imaging findings 
are nonspecific. 


Xp11.2 Translocation-TFE3 Gene Fusion 
Carcinoma 

It is also a newly classified subtype and accounts 
for 20 % of RCCs in the first and second decades 
of life. The prognosis is favorable, although it 
is discovered in the advanced stage. Its imag- 
ing findings are rarely described in the litera- 
ture, and reported CT and MRI findings include 
hyperdense and hypovascular mass on CT 
and hypointense on T2-weighted MR images 
(Fig. 1.12). The imaging finding may be simi- 
lar to papillary RCC due to histopathological 
resemblance [75]. 
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Fig. 1.43 Von Hippel—Lindau syndrome. (a) Contrast- 
enhanced CT shows a large mass (large arrow) in the left 
kidney. Note bilateral adrenal masses (small arrows). (b) 


Hereditary RCC Syndromes 

Von Hippel—Lindau syndrome is the most famous 
hereditary RCC syndromes, in which multiple 
RCCs are developed in bilateral kidneys associ- 
ated systemic syndromes including retinal angio- 
mas, central nervous system hemangioblastomas, 
and pheochromocytomas (Fig. 1.43). In Birt- 
Hogg—Dube’ syndrome, renal tumors including 
chromophobe RCC, oncocytoma, or hybrid 
tumors are associated with skin lesions or lung 
cysts. Hereditary syndromes associated with pap- 
illary type include hereditary papillary RCC 
(type 1) and hereditary leiomyoma RCC (type 2). 
Recently, PTEN hamartoma tumor syndrome 
(PHTS) is newly reported as a hereditary syn- 
drome associated with papillary RCC [65, 76]. 


1.5 Benign Renal Cell Tumors 

Of renal epithelial tumors, 5—10 % are benign and 
represented mostly by oncocytoma, papillary 
adenoma, and metanephric adenoma. 


1.5.1 Oncocytoma 

1.5.1.1 Pathologic Consideration 

Grossly, oncocytoma is a well-circumscribed 
solid homogeneous mass with typically mahog- 
any brown color (Fig. 1.44a). Oncocytoma often 
has central fibrous scar. 


S.H. Kim et al. 


Another small mass (arrow) suggesting RCC is also found 
in the right kidney 


Microscopically, oncocytoma is composed of 
round- to oval-shaped tumor cells having deeply 
eosinophilic cytoplasm (Fig. 1.44b). Nuclei are 
round and uniform without prominent nucleoli 
(Fig. 1.44c). The main architectural pattern is 
variable-sized tumor cell nests in loose hypocel- 
lular fibrous or hyalinized stroma. Occasionally, 
tubular or cystic architectures are found. 


1.5.1.2 Imaging 

Oncocytoma is the second most common benign 
renal tumor after AML, accounting for 3—7 % of 
all renal tumors. It is more common in males than 
females, and the peak age is in the seventh 
decade. Most patients are asymptomatic, and the 
tumors are discovered incidentally. Most of them 
occur sporadically, but multiple, bilateral tumors 
in a patient can occur (Fig. 1.45). Some oncocy- 
tomas may be associated with RCCs either as 
hybrid tumors or as collision tumors. 

On imaging, they usually appear as well- 
demarcated but unencapsulated masses with 
homogeneous enhancement, located in renal 
cortex. Hemorrhage may be found in up to 
20%. Several imaging characteristics has been 
described, including a central stellate fibrotic scar, 
which is more common in larger tumors, and an 
arterial spoke-wheel pattern of enhancement. The 
central scar has been reported to be seen in up to 
33 % (Fig. 1.46) [77]. However, these findings are 
neither sensitive nor specific enough to affect the 
treatment option. Recently, it has been described 
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Fig. 1.44 Pathologic features of oncocytoma. (a) scar. (b) Variable-sized tumor cell nests are present in 
Grossly, oncocytoma is a well-demarcated mass with typi- loose hypocellular stroma. (c) Tumor cells have deeply 
cally mahogany brown color. This tumor shows central eosinophilic cytoplasm and low-grade nuclei 


Fig.1.45 Multiple oncocytomas in the kidney. (a) Contrast-enhanced CT shows a lobulating, homogeneously enhanc- 
ing mass (arrow) in the left kidney. (b) Another similar mass (arrow) is also found in the lower pole of the kidney 
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that many small (<4 cm) oncocytomas exhibit 
“segmental inversion enhancement” on CT 
(Fig. ). This sign is segmental differences of 


enhancement in a mass, and the highly enhanced 
area on the corticomedullary phase converts into 
the relatively less enhanced area on the excretory 
phase image, while the less enhanced area converts 
into relatively highly enhanced area [78]. This 
finding was initially thought to be highly sensitive 


Fig. 1.46 Oncocytoma. Contrast-enhanced CT shows a 
large, well-enhancing mass in the left kidney. Note low- 
attenuation central scar (arrow) in the mass 
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and specific, but there has been much debate in 
later studies, especially in large tumors which tend 
to have fibrous septa, cystic change, hemorrhage, 
or necrosis [79, 80]. Segmental enhancement 
inversion is more common in tumors measuring 
1.5-2.9 cm, in which these pathologic changes 
are not frequently visible [81]. Chromophobe 
RCCs are known to be especially difficult to dif- 
ferentiate from oncocytoma, because both of them 
share the similar histologic origin and features. 
A recent study reported that the segmental 
enhancement inversion on biphasic MDCT might 
be useful in differentiating small renal oncocyto- 
mas from chromophobe RCCs [82]. 


1.5.2 Papillary Adenoma 


It is the most common neoplasm of the epithelium 
of renal tubules. An autopsy study reported that 
40% of prevalence in patients older than 70 years. 
Papillary adenoma is a small (0.5 cm or less) tubulo- 
papillary lesion having low-grade nuclei (Fig. ). 


Fig. 1.47 Segmental inversion in an oncocytoma. (a) 
Corticomedullary phase CT in sagittal plane shows a het- 
erogeneously enhancing mass in the right kidney. Note the 
posteroinferior part of the mass (arrow) enhances more 


than the anterosuperior part. (b) In nephrographic phase, 
the enhancement of the anterosuperior part becomes more 
prominent than the posteroinferior part (segmental 
inversion) 
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1.6 Metanephric Tumors Microscopically, metanephric adenoma is 
composed of small uniform tubules. Papillary 
1.6.1 Metanephric Adenoma architectures are commonly found. Tumor cells 


have scanty cytoplasm and small round nuclei 
Metanephric adenoma is a rare benign tumor (Fig. 1.49b). 
and mostly occurs in young and middle-aged 
women. Female-to-male ratio is 2.6, with a 
mean age of 41 years. It is detected incidentally 1.6.1.2 Imaging 
in 40%, and 12% of cases are associated with The tumor is well circumscribed and shows vari- 


polycythemia [83]. able echogenicity on US. Hyperechogenicity 
is more commonly encountered due to cal- 
1.6.1.1 Pathologic Consideration cifications or intratumoral interphases. It is 


Grossly, metanephric adenoma is a well- hypovascular on Doppler US. On unenhanced 
demarcated mass with gray, yellow, or white cut CT, the attenuation may be high due to micro- 
surface (Fig. 1.49a). scopic calcifications. Calcifications are com- 
mon and were reported to present in two-thirds 
of the patients. On contrast-enhanced CT, 
the tumor appears as a well-defined, homo- 
geneous hypovascular mass (Fig. 1.50). On 
MRI, metanephric adenomas appear as hypo- 
or isointense masses on both TIWI and T2WI 
(83, 84]. 


1.7 Mesenchymal Tumors 


Mesenchymal tumors of the kidney are uncom- 
mon except angiomyolipoma. They can occur in 
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Fig. 1.49 Pathologic findings of metanephric adenoma. small and uniform having scanty cytoplasm and low- 
(a) Metanephric adenoma is a well-demarcated mass with grade nuclei. This tumor is mainly composed of small 
gray or yellow color. (b). Microscopically, tumor cells are uniform tubules 
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Fig.1.50 Metanephric adenoma. (a) Color Doppler US shows an isoechoic and hypovascular mass (arrow) in the right 
kidney. (b) On contrast-enhanced CT in coronal plane, the mass (arrow) is homogeneous and poorly enhancing 


vascular origin (hemangioma, glomus tumor, 
myopericytoma, hemangioblastoma, lymphangi- 
oma, angiosarcoma), and other miscellaneous 
origin (myxoma, renomedullary interstitial cell 
tumor, juxtaglomerular cell tumor, solitary 
fibrous tumor, desmoplastic small round-cell 
tumor, synovial sarcoma). In some cases, the 
criteria to differentiate between benign and 
malignant tumors is not definitely defined 
currently [85]. 


1.7.1 Sarcoma 

In children, clear cell sarcoma and rhabdoid 
tumor are common renal sarcomas. In adult, 
leiomyosarcoma is the most common and 
accounts more than 50 % of renal sarcomas. 


1.7.1.1 Pathologic Consideration 


Clear Cell Sarcoma of Kidney 

This pediatric malignant renal tumor has 
aggressive clinical behavior. Grossly, this tumor is 
a large well-demarcated mass with solid tan- to 
gray-colored cut surface (Fig. 1.5la). Micro- 
scopically, this tumor is composed of ovoid to 
spindle tumor cells with pale, often clear 
cytoplasm (Fig. 1.51b). And this tumor frequently 
shows “chicken-wire” vascular pattern. 


Malignant Rhabdoid Tumor 

Malignant rhabdoid tumor is a highly malignant 
pediatric renal tumor. Grossly, it is a large tumor with 
ill-defined border and tan to gray cut surface 
(Fig. 1.52a). Occasionally, hemorrhage and necrosis 
are found. Microscopically, malignant rhabdoid 
tumor is composed of sheets of large ovoid tumor 
cells with rhabdoid morphology. Tumor cells have 
large eosinophilic cytoplasm with eccentrically 
located high-grade nucleus (Fig. 1.52b) [86]. 
Typically, INI] immunohistochemistry shows loss 
of nuclear expression in tumor cells (Fig. 1.52c) [87]. 


Other Malignant Mesenchymal Tumors 
Pathological features of these sarcomas are iden- 
tical to those of soft tissue counterparts. 


1.7.1.2 Imaging 

Renal sarcomas usually appear as very large and 
heterogeneous masses on imaging. Necrosis and 
cystic change are common, and lobulated con- 
tour, irregular and indistinct edges, heteroge- 
neous enhancement are frequently observed. 
They may present with or without metastases and 
generally show no renal vein or inferior vena 
cava invasion. Leiomyosarcoma often arises from 
renal capsule and is commonly centered at the 
periphery of the kidney with exophytic growth. 
However, in most cases, renal sarcomas are indis- 
tinguishable from RCCs (Fig. 1.53) [88]. 
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Fig. 1.51 Pathologic findings of clear cell sarcoma of the 
kidney. (a) Grossly, clear cell sarcoma of the kidney is a 
large well-demarcated mass with homogeneous whitish to 


yellowish cut surface. (b) Microscopically, clear cell sar- 
coma of the kidney is composed of oval-shaped cells with 
clear cytoplasm 


Fig. 1.52 Pathologic findings of malignant rhabdoid 
tumor. (a) Grossly, malignant rhabdoid tumor of kidney is 
a large tumor with ill-defined border. Focal hemorrhage 
and necrosis are found in this tumor. (b) Microscopically, 
malignant rhabdoid tumor is composed of rhabdoid cells 


with eccentrically located nuclei and abundant eosino- 
philic cytoplasm. (c) INI-1 immunohistochemistry shows 
loss of nuclear expression in tumor cell nuclei (arrow). 
Normal tubular epithelial cells and endothelial cells show 
INI-1 nuclear positivity in this tumor 
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1.7.2 Angiomyolipoma 


AML is the most common benign renal tumor. 
Actually, it is a hamartoma of the kidney, con- 
taining blood vessels, smooth muscle, and 
fat in variable proportions. It is common in 


Fig. 1.53 Renal osteosarcoma. Contrast-enhanced CT 
shows a large necrotic mass (arrow) with small calcifica- 
tions (white small arrow) and renal vein thrombus (black 
small arrow) in the right kidney. The appearance cannot 
be differentiated from that of RCC 
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middle-aged women. Eighty percent of AMLs 
are sporadic, whereas 20 % are associated with 
tuberous sclerosis. AMLs with tuberous scle- 
rosis tend to be bilateral and multifocal and 
grow faster (Fig. ). The growth of AMLs 
is mainly due to increased fatty component 
or intratumoral hemorrhage. Risk of bleeding 
in AML increases when the size of the mass 
increases to greater than 4 cm or the intratu- 
moral aneurysm is larger than 5 mm (Fig. ). 
Rarely, AMLs may have necrosis and calcifica- 
tion within them. 


1.7.2.1 Pathologic Consideration 
Angiomyolipoma is a mesenchymal tumor com- 
posed of adipose tissue, smooth muscle, and 
blood vessels. 

Grossly, angiomyolipoma is a well-demarcated 
mass with variable cut surface according to pro- 
portion of adipose tissue, smooth muscle com- 
ponent, and vessels (Fig. ). It often extends 
into perinephric fat. 


Fig.1.54 Angiomyolipoma with intratumoral hemorrhage. 
(a) Contrast-enhanced CT shows a fatty mass (large 
arrows) in the left kidney. The mass contains a high-attenu- 
ation part (small arrow). (b) The mass (large arrows) shows 
high SI on TIWI of MR and contains a nodule (small 


arrow) composed of dark and high SI, suggesting 
hemorrhage. (c) Another small mass (arrow) with high SI is 
found in the lower pole on T1 WI. (d) The lower pole mass 
(arrow) shows signal drop in opposed phase, suggesting 
another AML 
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Fig. 1.55 Pathologic findings of angiomyolipoma. (a) 
Gross photograph of angiomyolipoma shows large mass 
with fat and hemorrhage. This tumor extends to perineph- 
ric tissue. (b) Microscopically, angiomyolipoma is 


Microscopically, angiomyolipoma contains 
variable amount of fat, smooth muscle cells, and 
vessels (Fig. ). Around the vessels, smooth 
muscle cells radiate from the vascular wall 
(Fig. c). Vessels often have thick and hyalin- 
ized vascular wall. 


1.7.2.2 Imaging 


US 

AMLs are usually hyperechoic on US due to fat 
or hemorrhage. The echogenicity is often similar 
or even higher than that of renal sinus fat. 
However, small RCCs can also appear hyper- 
echoic and have similar imaging features to 
AML. In such cases, intratumoral cysts and 
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composed of fat, blood vessels, and smooth muscle cells. 
Vascular wall is hyalinized. (c) Radiating smooth muscle 
cells from vascular wall (arrow) are typical finding of 
angiomyolipoma 


hypoechoic rim, which are characteristic US 
findings of small RCCs, may help the differentia- 
tion (Fig. 1.3). 


CT 

Macroscopic fat demonstrates negative Hounsfield 
units on CT. Fat is identified with a region-of- 
interest (ROD) circle on unenhanced CT images, 
and in routine practice, this method is sufficient to 
confirm an AML. Using ROI circles <—10 HU as 
a criteria for the diagnosis of AML, the specificity 
is very high (100%), but the sensitivity is about 
73%. An attenuation threshold of —10 HU or 
lower with an ROI of at least 19-24 mm? is 
optimal for the diagnosis of AML. The use of 
smaller ROIs leads to unacceptably high 
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false-positive rates, increasing the risk of 
misdiagnosing an RCC as an AML [89]. A more 
precise method for the analysis of small clusters 
of fat is pixel mapping, which analyzes the 
Hounsfield units of individual pixels. This method 
is especially useful in AMLs with no or minimal 
fat [90]. These fat-poor AMLs account for 5 % of 
AML and do not contain enough fat to be diag- 
nosed with confidence on unenhanced CT 
(Figs. 1.3 and 1.10). However, a study reported 
that once lesions with macroscopic fat have been 
excluded, pixel attenuation histogram analysis 
cannot be used to distinguish AMLs from clear 
cell RCCs, with which lower CT attenuation is 
more strongly associated due to intracytoplasmic 
fat [91]. 

AML tends to show angular interface with nor- 
mal renal parenchyma, which can be seen in 79 % 
of benign renal masses. AMLs are nonencapsu- 
lated and never show a pseudocapsule. AMLs 
with dominant smooth muscle component show 
higher attenuation than renal parenchyma on 
unenhanced CT (Fig. 1.10). However, this hyper- 
attenuation is nonspecific, and 22 % of clear cell 
RCCs share this feature on CT images [92, 93]. 

On contrast-enhanced CT, uniform, prolonged 
contrast enhancement can be observed in contrast 
to clear cell RCCs, but the enhancement pattern 
can be variable according to vascular components 
of AMLs (Fig. 1.9). Therefore, CT cannot differ- 
entiate fat-poor AML from RCC conclusively. 


MRI 

Fat in AMLs shows high SI on T1 WI and dark SI 
with fat saturation. Double-echo gradient chemi- 
cal shift MR imaging can be used to differentiate 
AML with minimal fat from other renal neo- 
plasms (Fig. 1.3). In AMLs, a higher signal inten- 
sity index and tumor-to-spleen ratio can be 
observed between in- and out-of-phase images. A 
prospective study reported the sensitivity of 96 % 
and the specificity of 93 %, using a signal inten- 
sity index of 25 % as a threshold [94]. However, 
this signal drop on out-of-phase MR images 
should be interpreted with caution because a sim- 
ilar signal drop can be identified in the clear cell 
subtype of RCC secondary to intracytoplasmic 
lipid. 
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Renal mass signal on T2WI may be helpful in 
differentiating AML with minimal fat from clear 
cell RCC. AML with minimal fat is low SI due to 
its smooth muscle content, whereas clear cell 
RCC usually shows or high SI on 
T2WI. Papillary RCC, however, also shows typi- 
cally low SI on T2WI. Therefore, T2WI image 
cannot be used to differentiate papillary RCC 
from a fat-poor AML. 


iso- 


1.7.3 Epithelioid Angiomyolipoma 


Epithelioid AML is a variant of AML with little or 
no fat, which was previously reported as RCC. One- 
third of epithelioid AML have been found to pres- 
ent with malignant biological behaviors, including 
local invasion, recurrence, and metastasis. Large 
masses with infiltrative growth are common, hem- 
orrhage and necrosis may be present, and extrare- 
nal extension or venous invasion may occur. It is 
classified as a potentially malignant mesenchymal 
neoplasm in 2004 WHO classification of renal 
tumors. More than half of patients are associated 
with tuberous sclerosis [95]. 


1.7.3.1 Pathologic Consideration 
Epithelioid angiomyolipoma is defined as angi- 
omyolipoma with predominant epithelioid fea- 
tures [96]. Grossly, epithelioid angiomyolipoma 
is a solid well-demarcated mass with occasional 
extrarenal extension and occasionally shows 
hemorrhagic or necrotic cut surface (Fig. 1.56a). 
Epithelioid angiomyolipoma is composed of 
sheets of large epithelioid cells and spindle 
cells. Epithelioid cells have clear to eosino- 
philic cytoplasm, and some tumor cells 
show considerable nuclear pleomorphism 
(Fig. 1.56b). Epithelioid angiomyolipoma can 
have frequent mitotic figures, multinucleated 
giant cells, and necrosis. There are less promi- 
nent vasculature and adipose tissue than classic 
angiomyolipoma. 


1.7.3.2 Imaging 

Imaging findings of most epithelioid AMLs are 
nonspecific and difficult to differentiate from 
RCC (Fig. 1.57). They could be a heterogeneously 
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Fig. 1.56 Pathologic findings of epithelioid angiomyoli- 
poma. (a) Epithelioid angiomyolipoma shows hemor- 
rhage and necrosis. Fatty tissue was not identifiable at this 


gross photograph. (b) Tumor cells of epithelioid angio- 


myolipoma are epithelioid and have abundant eosino- 
philic cytoplasm with prominent nucleoli 


Fig.1.57 Epithelioid AML. (a) Noncontrast CT shows a 
large mass (arrow) with calcifications in the left kidney. 
No fatty component is detected. (b, c) The mass is 


solid, homogeneously solid, or multilocular cys- 
tic lesion with massive hemorrhage. They tend to 
be hyperattenuating on unenhanced CT images 
and low SI on T2-weighted MR images due to 
muscle component, which is a characteristic find- 
ing of AMLs. Macroscopic fat may or may not be 
demonstrated [97, 98]. 


hypervascular and shows a large amount of tumor throm- 
bus (arrow) in the renal vein 


1.7.4 Rare Benign Renal 
Mesenchymal Tumors 


1.7.4.1 Pathologic Consideration 

Leiomyoma is a benign mesenchymal tumor 
composed of smooth muscle cells, and pathologic 
features are identical to soft tissue leiomyoma. 
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Fig.1.58 (a) Juxtaglomerular cell tumor is a small well- 
circumscribed tumor with tan to yellow color. (b) 
Microscopically, tumor cells are uniformly small and 
round with distinct cell border 


Grossly, leiomyoma is a firm, well-demarcated 
mass with whitish cut surface. Microscopically, 
tumor cells have spindle nuclei without pleomor- 
phism and show fascicular arrangement. 

Grossly, juxtaglomerular cell tumor is 2—3 cm- 
sized well-demarcated tumor with tan to yellow 
cut surface (Fig. 8a). Microscopically, this 
tumor is composed of sheets of small uniform 
round cells with clear to eosinophilic cytoplasm 
and distinct cell border (Fig. ). Occasionally, 
it contains sheets of spindle cells. This tumor 
generally has abundant vasculature. 

Renomedullary interstitial cell tumor is a 
small benign mesenchymal tumor located at the 
renal medulla, and it is composed of 
benign-looking spindle or stellate cells with loose 
or collagenous stroma (Fig. ). 


1.7.4.2 Imaging 

Renal leiomyomas occur in the renal capsule 
most commonly, but it can also arise from the 
smooth muscle of the renal pelvis or vessels. On 
CT, well-demarcated, homogeneously enhancing 
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Fig. 1.59 Renomedullary interstitial cell tumor (arrow) 
is composed of hypocellular benign spindle cells in loose 
or collagenous stroma 


solid mass is a common finding (Fig. ). 
However, degenerative changes such as cyst and 
hemorrhage may be visible in larger tumors. The 
mass shows low SI on T2WI of MR. 

Hemangioma can occur in the urinary tract, 
and the kidney is the most commonly affected 
organ. Males and females are equally affected. 
Renal pyramids and the renal pelvis are the 
most common sites of occurrence. The size of 
renal hemangiomas is usually small but may be 
larger than 10 cm, especially in a cavernous 
form. Symptoms may be none or recurrent epi- 
sodes of hematuria with colicky pain. On US, 
renal hemangiomas may be hypoechoic with 
normal power Doppler signals. On CT, calcifi- 
cations may be visible, and prolonged enhance- 
ment on delayed phase _ contrast-enhanced 
images can be characteristic (Fig. ). On 
MRI, it usually shows high SI with some flow 
voids on T2WI [99]. 

Juxtraglomerular cell tumor or reninoma is a 
benign renin-secreting tumor. It is usually 
detected in young hypertensive patients with high 
plasma renin activity and hypokalemia. It is 
usually small, solid, and peripherally located. On 
US, it commonly shows isoechogenicity to renal 
parenchyma. On CT and MRI, the mass shows 
similar attenuation or signal intensity to renal 
parenchyma, and mild, delayed enhancement 
(Fig. 1.62) [100]. 

Renomedullary interstitial cell tumors, for- 
merly called renal medullary fibromas, are found 
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Fig.1.60 Renal capsular leiomyoma. (a) Corticomedullary 
phase CT in coronal plane shows a small, mildly enhancing 
mass (arrow) in the right kidney, which is almost entirely 
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exophytic. (b) The mass shows homogeneous and pro- 
longed enhancement in nephrographic phase 


Fig. 1.61 Renal hemangioma. (a) Noncontrast CT shows 
a lobulating mass (large arrow) with small calcification 
(small arrow) in the sinus of the right kidney. (b, c) The 


in nearly 50% of adult at autopsy. They are 
located at renal medullary pyramid and mostly 
smaller than 5 mm. Larger mass may occur in 
rare instances and appears as a nonenhancing 
solid mass in the renal medulla [101]. 


mass (arrow) enhances from the periphery to the center in 
dynamic contrast-enhanced CT (b corticomedullary 
phase, c nephrographic phase) 


Solitary fibrous tumors are fibrous tumors 
arising from serosal surfaces of organs. They are 
most common in pleura, but it also arises in the 
kidney. Renal capsule or peripelvic connective 
tissue is thought as sites of origin. Most solitary 
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Fig. 1.62 Juxtraglomerular cell tumor in a hypertensive 
patient. Contrast-enhanced CT shows a small, poorly 
enhancing mass (arrow) in the right kidney 


Fig. 1.63 Solitary fibrous tumor. Contrast-enhanced CT 
shows a well-defined mass (arrow) in the right kidney. 
The enhancing part of the mass appears homogeneous 


fibrous tumors are benign, but 10-15 % of extra- 
pleural solitary fibrous tumors show malignant 
behavior such as recurrence or metastasis. Mean 
age is 52 years, and there is no sex predilection. 
The patients are usually asymptomatic. On CT, a 
well-defined, lobulated mass in the renal sinus or 
capsule shows homogeneous enhancement 
despite the large size (Fig. 1.63). Necrosis, 
hemorrhage, and calcifications are rarely found. 
On T2WI MR, alternate areas of low SI and mod- 
erately high SI are reported to be found in soli- 
tary fibrous tumor with a radial configuration. 
Spoke-wheel pattern of enhancement has been 
also reported [102, 103]. 
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1.8 Cystic Nephroma and Mixed 
Mesenchymal and Epithelial 
Tumors 

1.8.1 Pathologic Consideration 


Cystic nephroma is a benign neoplasm composed 
entirely of cysts. Grossly, cystic nephroma is a 
well-demarcated mass with multiple cysts with- 
out solid component, and cysts contain serous 
fluid (Fig. 1.64a). Microscopically, cysts are 
lined by epithelial cells with variable features 
including flat, cuboidal, or columnar appearance 
(Fig. 1.64b). Stroma between cysts have fibrous 
component with variable amount of spindle cells. 
Sometimes, ovarian stroma-like feature is found. 

Mixed epithelial and stromal tumor is com- 
posed of variable amount of epithelial and stro- 
mal components. Mixed epithelial and stromal 
tumor and cystic nephroma are considered as 
morphologic spectrum of same entity. Grossly, 
mixed epithelial and stromal tumor is a well- 
demarcated mass with variable amounts of cysts 
(Fig. 1.65a). Microscopically, this tumor is com- 
posed of variable-sized cysts and stroma. Stromal 
and epithelial components of this tumor are 
similar to those of cystic nephroma. Cyst lining 
cells are flat, cuboidal, or columnar epithelium 
(Fig. 1.65b). 


1.8.2 Imaging 

Mixed epithelial and stromal tumor (MEST) and 
adult cystic nephroma (ACN) are included in this 
category of renal tumors. MEST of the kidney is a 
rare, benign cystic neoplasm, characterized by a 
biphasic proliferation of epithelium and stroma. 
Recent studies suggest that MEST and ACN may 
be in a morphologic spectrum of the same disease, 
although 2004 WHO classification of renal tumors 
considered MEST and ACN as separate entities. 
MEST and ACN also share clinical features: 6:1 
female predominance, predominantly perimeno- 
pausal, and common history of estrogen therapy. 
ACN is a multilocular cystic mass with no solid 
portion and thin septa (< 5 mm in thickness) 
(Fig. 1.66), whereas MEST shows solid portions 
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Fig. 1.64 (a) Gross morphology of cystic nephroma shows multiloculated cyst. (b) Microscopic findings of cystic 
nephroma shows thin cyst wall with flat or cuboidal lining epithelial cells 


Fig.1.65 (a) Grossly, mixed epithelial and stromal tumor 
is a well-demarcated, partly solid and partly cystic mass. 
(b) Mixed epithelial and stromal tumor shows benign- 


grossly with thicker septa (Fig. 1.67). However, 
the differentiation is difficult on imaging and not 
important clinically because both of them are 
benign cystic renal lesions. Because most MESTs 
appear as Bosniak category III or IV lesions, a 
cystic RCC should be differentiated first. Other 
differential diagnosis includes complex cyst, mul- 
ticystic dysplastic kidney, obstructed duplicated 
renal collecting system, and renal abscess. 

On CT, MEST appear as a mixed cystic and 
solid or a solid mass according to the proportion 
of epithelial and stromal components. The septa 


looking spindle cells in solid area with multiple cysts 
lined by flat to cuboidal epithelial cells 


Fig. 1.66 Adult cystic nephroma. Contrast-enhanced CT 
shows a large cystic mass (arrow) with multiple septa and 
calcifications in the left kidney 
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Fig.1.67 MEST. (a) Contrast-enhanced CT in coronal plane shows a cystic mass containing small enhancing solid part 
(arrow) in the right kidney. (b) On US, the mass (arrow) shows mixed echogenicity 


Fig. 1.68 (a) This nephroblastoma is a large well- 


demarcated tumor with focal hemorrhage. (b) 
Microscopically, nephroblastoma shows triphasic pattern 
including blastemal, epithelial, and stromal component. 
This photograph shows these three components: epithelial 


are usually thin and show mild and delayed 
enhancement (Fig. ). Herniation into the 
renal pelvis is sometimes observed, which may 
be a cause of hemorrhage or urinary obstruction. 
On MRI, the stromal component of MEST shows 
low SI on T2WI and enhances mildly [104]. 


1.9 Nephroblastoma 


1.9.1 Pathologic Consideration 


Nephroblastoma is a malignant embryonal tumor 
composed of blastemal, epithelial, and stromal com- 


components reveal immature glomerular structures 
(arrow); blastemal components are small tightly packed 
immature cells (open arrow); stromal components are 
spindle cells between epithelial and blastemal compo- 
nents (arrowhead) 


ponents. Grossly, nephroblastoma is a well- 
demarcated mass with uniform tan to gray cut 
surface (Fig. ). After chemotherapy, necrosis 
and hemorrhage are common. Typically, this tumor 
shows triphasic pattern having blastemal, epithelial, 
and stromal component (Fig. ). Blastemal cells 
are small, closely packed immature cells with scanty 
cytoplasm. Epithelial components show primitive or 
mature tubules, immature-looking glomerular struc- 
ture or papillary structure. Stromal components con- 
sist of spindle cells of smooth muscle or skeletal 
muscle differentiation or undifferentiated spindle 
cells. Sometimes other mesenchymal components 
such as fat, bone, or cartilage also can be found. 
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1.9.2 Imaging 

Nephroblastoma, also known as Wilms’ tumor, is 
mainly a tumor of childhood. It can occur in adult 
but its incidence is rare. Its imaging findings in 
adult do not differ from those of RCC, and preop- 
erative diagnosis is very difficult or impossible. 


1.10 Neuroendocrine Tumors 
1.10.1 Pathologic Consideration 


Renal carcinoid is very rare. Grossly, carcinoid is 
a well-demarcated mass with homogeneous yel- 
low to tan cut surface (Fig. 1.69a). Microscopic 
features of renal carcinoid are similar to those of 
carcinoid tumors at other sites. Architectural pat- 
terns of renal carcinoid are cord, trabeculae, solid 
sheets, or glandular structures (Fig. 1.69b). 
Tumor cells have small uniform round nuclei 
with finely granular chromatin. 

Primitive neuroectodermal tumor (PNET) is a 
malignant small blue round-cell tumor showing 
gene fusion between EWS gene and ETS gene 
family. Renal PNET is very rare. Grossly, PNET 
is large tan to yellow mass with often hemorrhage 
and necrosis. Microscopic features of renal 
PNET are same as soft tissue PNET. It is mainly 
composed of large sheets of small round cells 
with scanty cytoplasm [105, 106]. 
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1.10.2 Imaging 


Carcinoid, neuroendocrine carcinoma, PNET, 
neuroblastoma, and pheochromocytoma belong 
to this group. Primary renal carcinoid tumors are 
extremely uncommon. They usually show indo- 
lent behavior compared with RCCs. However, 
metastasis to lymph nodes, liver, or bone has 
been reported. 

PNET is an uncommon, highly aggressive 
tumor with a poor prognosis. Outside the cen- 
tral nervous system, they can involve the chest 
wall, paraspinal areas, and rarely organs. Its 
incidence in the abdomen and pelvis, including 
the retroperitoneum, is 14%. The peak age 
incidence is in the second and third decades of 
life and male-to-female ratio is 2:1. On imag- 
ing, it usually appears as a minimally enhanc- 
ing, large mass with multiple septum-like 
structures, peripheral hemorrhage, venous 
thrombosis, and is accompanied by distant 
metastasis (Fig. 1.70) [107]. 


1.11 Lymphoma 


1.11.1 Pathologic Consideration 
Primary malignant lymphoma of kidney is very 


rare. Diffuse large B cell lymphoma is the most 
common lymphoma subtype of kidney [108]. 


Fig.1.69 Pathologic findings of renal carcinoid. (a) Grossly, renal carcinoid is a well-demarcated mass with yellowish 
homogeneous cut surface. (b) Microscopically, this carcinoid shows trabecular or glandular structure 
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Fig. 1.70 Renal PNET. (a) Contrast-enhanced CT in 
coronal plane shows a large solid and cystic mass (arrow) 
in the left kidney. (b) The mass shows large hemorrhagic 
components (arrows) on coronal TIWI of MR 


1.11.2 Imaging 


Primary renal lymphoma is very rare because kid- 
ney has no intrinsic lymphoid tissue. However, 
kidney is frequently involved by lymphoma in the 
setting of widespread disease and usually with 
non-Hodgkin’s lymphoma. Lymphoma may enter 
the kidney hematogenously or through the sinus, 
perinephric, or capsular lymphatics, and the radio- 
logical findings depend upon these mechanisms of 
involvement. The most common finding is multi- 
ple, bilateral, or unilateral renal masses of variable 
size (Fig. 1.71). This pattern is seen in 50-60 % of 
cases, and retroperitoneal lymphadenopathy is 
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Fig. 1.71 Renal lymphoma. Contrast-enhanced CT 
shows multiple, homogeneous masses (arrows) with mild 
enhancement in bilateral kidneys 


Fig.1.72 Right renal involvement of lymphoma by retro- 
peritoneal spread on contrast-enhanced CT 


mostly associated. Contiguous, infiltrative spread 
from adjacent retroperitoneal lymphadenopathy is 
the second most common pattern, seen on 25-30 % 
of cases (Fig. ). Smooth, generalized, bilateral 
renal enlargement occurs in approximately 20%, 
due to diffuse lymphomatous infiltration in kid- 
neys. A solitary renal mass is seen in 10-25%. 
Other findings include perirenal mass, and prefer- 
ential renal sinus involvement [109, |. 

On US, lymphoma mass is mostly homoge- 
neous and hypoechoic. Sometimes it is markedly 
hypoechoic and even shows posterior sonic 
enhancement, mimicking a renal cyst (Fig. ). 

Renal lymphoma is a soft tissue mass with 
slightly higher attenuation than that of the surround- 
ing parenchyma on unenhanced CT. Calcifications 
are rarely visible. It enhances homogeneously but 
less intensely than normal renal parenchyma. 
Large lesions tend to be more heterogeneous. 
Nephrographic phase contrast-enhanced CT is 
essential in the detection of lymphomatous deposits 
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Fig. 1.73 US of renal lymphoma. (a) Contrast-enhanced 
CT shows multiple low-attenuation masses (large arrow) 
in the left kidney. Note enlarged para-aortic lymph node 


in the kidney, because they may be small and 
medullary in location with relatively little cortical 
deformity. The presence of retroperitoneal lymph- 
adenopathy may be a clue to the diagnosis. 

On MR, renal lymphomas show high SI on 
TIWI and are slightly hypointense or isointense 
relative to normal renal cortex on T2WI. They 
enhance less than the renal parenchyma, and 
some lesions may enhance progressively on 
delayed images [109, ]. 


1.12 Metastatic Tumors 
1.12.1 Pathologic Consideration 


Metastatic tumors from various primary sites can 
be encountered in the kidney. Common primary 
sites are the lung, breast, skin (melanoma), gas- 
trointestinal tract, and genitourinary tracts [111]. 


1.12.2 Imaging 


Renal metastases are usually multiple, small, and 
ill marginated. They are frequently less exophytic 
or more infiltrative than RCCs on CT (Fig. ). 
On US, they are usually isoechoic and often dif- 
ficult to detect (Fig. ). Tissue biopsy is 
needed when the differentiation between primary 
and metastatic tumor is uncertain to make a ther- 
apeutic plan [88, ]. 
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(small arrow). (b) On US, a renal mass (arrow) shows low 
echo, almost looks like a cyst 


Fig. 1.74 Renal metastasis from lung cancer. Contrast- 
enhanced CT shows ill-defined masses (arrows) preserv- 
ing renal contour in bilateral kidneys 


Fig. 1.75 US of renal metastasis. US shows an isoechoic 
mass (arrow) preserving renal contour in the kidney. The 
mass was confirmed as metastasis from lung cancer by 
biopsy 
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1.13 Therapeutic Considerations 


1.13.1 Active Surveillance of Renal 
Tumor 


Small RCCs grow slowly and metastasis is very 
rare, and the metastatic risk grows when tumor 
diameter is larger than 3 cm (Fig. 1.1). In one 
meta-analysis, 30 % of small (<3 cm) solid renal 
masses did not grow during a 23-39-month 
observation interval [113]. 

Therefore, active surveillance can be an option 
in small renal masses to avoid the morbidity of 
surgical or ablative treatment in elderly and/or 
infirm patients. In a multicenter, prospective 
study, active surveillance was done in 209 small 
renal masses in 178 patients by serial imaging 
with CT, MRI, or US in an average of 28 months. 
Local progression occurred in 12% and metasta- 
ses in 1.1 %. Tumor growth rate was an average 
of 0.13 cm/year, which was not affected signifi- 
cantly by the presence of RCC on biopsy [114]. 

The estimation of renal tumor size and 
growth rate is essential to active surveillance 
protocols. A prospective study reported that 
US, which has advantages in terms of radiation 
and accessibility, was not inferior in the assess- 
ment of renal mass size compared with MRI or 
CT [115]. 


1.13.2 Ablation of Renal Tumor 


1.13.2.1 Introduction 

Increasing utilization of cross-sectional imaging 
contributes to the increasing detection of 
RCC. Radical or partial nephrectomy is a treat- 
ment of choice for RCC. However, renal tumor 
ablation is an alternative treatment for RCC in 
patients who are not able to undergo surgery. 
Percutaneous ablation has been accepted as a 
minimally invasive surgery for treating a small 
RCC (<4 cm) [116]. 


1.13.2.2 Patient Selection 

and Preparation 
For treating an RCC, patients should be meticu- 
lously selected because ablation is an alternative 
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treatment for patients with serious comorbidity. 
Still, this treatment does not have evidence for 
replacing surgery in treatment of RCC in healthy 
patients. Patients should be fasting for at least 
8 hours prior to ablation. Renal mass biopsy is a 
mandatory procedure because a smaller tumor 
increases a higher probability for benign diagno- 
sis [117]. Patients are asked not to have medica- 
tion increasing arisk for bleeding or coagulopathy 
at least 1 or 2 week before ablation. The use of 
antibiotics is not mandatory pretreatment. Serum 
creatinine, blood cell count, and a coagulation 
profile are all checked. Platelet count of less than 
50,000 or an International normalized ratio of 
greater than 1.5 may increase a risk for bleeding 
or coagulaopathy and thus should be corrected 
before ablation. Pre-ablation CT or MR images 
should be reviewed to evaluate how to access or 
treat a tumor and avoid complication [118]. 


1.13.2.3 Procedures 

Conscious sedation for cryoablation or general 
anesthesia for radiofrequency ablation is recom- 
mended to control pain. Most of the patients are 
placed prone on the CT table, and a baseline 
unenhanced CT is obtained. The appropriate 
entry site is prepared and draped sterilely. 
Ablation margin should range from 5 to 10 mm to 
reduce local tumor progression [119]. Generally, 
cryoablation protocol consists of a 10-min freeze, 
an 8-minutes active thaw, and a 10-minutes freeze 
under CT or MRI guidance. RFA protocol lasts 
10-12 minutes under CT guidance. 


1.13.2.4 Complications 

Major complication rate is reported to be 2-3 % 
and requires specific treatment. This complication 
includes bowel perforation, ureter stricture, 
uncontrolled bleeding, and tension pneumotho- 
rax [118]. Hematuria is the most common com- 
plication but spontaneously disappears. 
Prevention methods such as patient position 
change, levering applicator, and hydrodissection 
are necessary to avoid injury to adjacent organs. 


1.13.2.5 Follow-Up 
Pre- and post-contrast CT scan is recommended 
at 1-3 months after ablation. Thereafter, pre- and 
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post-contrast CT should be performed every 6 
months or annually. Patients with reduced renal 
function can undergo unenhanced MRI protocols 
consisting of Tl-weighted, T2-weighted, and 
diffusion-weighted images. Contrast-enhanced 
US is one of the options in these patients. 


1.13.2.6 Outcomes 

Reportedly, intermediate- or long-term survival 
rates of percutaneous ablation for Tla RCC (<4 cm) 
range between 88 and 99 % [116, 120-122]. These 
outcomes are very similar to those of partial 
nephrectomy [120]. Therefore, percutaneous abla- 
tion is a safe and effective treatment for RCC in 
poor surgical candidate. 


1.13.3 Surgery 


1.13.3.1 Radical Nephrectomy 

The objective of oncologic surgery is to excise all 
tumors with adequate surgical margin. In 1969, 
Robson established the basic principle and the 
concept of radical nephrectomy, an early ligation 
of renal vessels to prevent vascular tumor emboli, 
and an en bloc resection of the kidney with 
Gerota’s fascia and the ipsilateral adrenal gland as 
well as complete regional lymphadenectomy from 
the crus of the diaphragm to the aortic bifurcation 
[123]. Historically, it has been known that ipsilat- 
eral adrenal metastasis was present in 1-10% of 
patients. However, ipsilateral adrenal involvement 
of renal cell carcinoma is rare (1-2 %), and many 
patients with ipsilateral adrenal involvement pres- 
ent with hematogenous metastasis. No survival 
gain has been demonstrated by concurrent 
ipsilateral adrenalectomy. Therefore, ipsilateral 
adrenalectomy is indicated if there is an evidence 
of ipsilateral adrenal involvement in CT/MRI, 
tumors located in upper pole, or large tumors [124, 
125]. Otherwise, the risk of future adrenal insuffi- 
ciency should be weighed against the benefit. 
Nodal involvement status is important in the prog- 
nosis of RCC. However, level 1 evidence showed 
that no therapeutic benefit of lymphadenectomy 
was demonstrated over nephrectomy alone [126]. 
Radical nephrectomy is the standard of care for 
tumors > T2. 
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1.13.3.2 Open Radical Nephrectomy 
Traditionally, radical nephrectomy is considered 
to be the standard treatment for localized renal 
cell carcinoma. Although surgery remains to be 
the main treatment of RCC, open radical nephrec- 
tomy (ORN) is no longer the gold standard. ORN 
has inevitable morbidity associated with the inci- 
sion through muscle and fascia, and postopera- 
tive recovery is longer than that of minimally 
invasive surgery (Fig. 1.76). Procedure-related 
morbidity and resultant renal insufficiency and 
risk of dialysis are the major drawbacks of it 
[127, 128]. 


1.13.3.3 Laparoscopic Radical 
Nephrectomy 

Laparoscopic radical nephrectomy (LRN) was 
first described by Clayman et al. in 1990s [129]. 
The strength of laparoscopic approach lies in its 
minimally invasive nature with better periopera- 
tive outcomes, such as shorter length of hospital 
stay, decreased blood loss, less pain, and better 
cosmesis [130]. The oncologic outcome of LRN 
is comparable and equivalent to that of ORN 
[131]. Three laparoscopic approaches exist for 
radical nephrectomy: transperitoneal, retroperi- 
toneal, and hand assisted. The original descrip- 
tion of LRN was in a transperitoneal approach. 


N7 ong ligated renal arte 
; P Ig ry 


J ~ 
E 


= Renal vein 


Fig.1.76 Open radical nephrectomy of 55-year-old male 
with tumor thrombus in the renal vein. After identifying 
the vasculature, renal artery is ligated first, and then renal 
vein can be ligated 
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Fig. 1.77 Right laparoscopic radical nephrectomy was 
performed for a 58-year-old male. Renal artery is first 
ligated using multiple metal clips 


Hand-assisted nephrectomy can be an alternative 
to open conversion for novice surgeons. 
Retroperitoneal approach mimics the open retro- 
peritoneal surgery and facilitates the access of 
hilar vessels without violating the peritoneal cav- 
ity. The choice of surgical method depends on the 
surgeon’s preferences. 

For transperitoneal laparoscopic radical 
nephrectomy, four ports (12 mmx2, 5 mmx2) 
are placed. Additional 5 mm port can be placed 
for right nephrectomy. The procedures are as fol- 
lows: (1) Take down the bowels and incise along 
the line of Toldt to expose the Gerota’s fascia. (2) 
Identify the retroperitoneal organs and major ves- 
sels illuminating behind the whitish tissue. (3) 
Dissect the tissues between the gonadal vein and 
IVC in the right, aorta in the left to encounter the 
back muscles. (4) Lift up the ureter and gonadal 
vein and proceed the dissection proximally to the 
renal hilum. (5) Control the renal artery first and 
the renal vein. If the lumbar vein is encountered, 
it can be sacrificed (Fig. 1.77). (6) Dissect and 
ligate the ureter and gonadal vein. (7) Lateral dis- 
section of the kidney is usually the last step 
because if it is done from the first time, the kid- 
ney can descend due to the gravity obscuring the 
hilar dissection. (8) If there is no bleeding from 
the surgical bed, the specimen can be retrieved in 
a bag through the caudal extension of the incision 
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in camera port. 12 mm ports are usually closed 
under direct vision using angiocath and Carter— 
Thomason needle. 

For right-side surgery, attention to duodenum 
and IVC is necessary. For left-side surgery, if the 
depth of resection is in the wrong plane, mesen- 
teric vessels can be compromised, which can 
result in significant bleeding or otherwise, small 
bowel injury can happen. 

Hand-assisted laparoscopic nephrectomy is 
good for inexperienced surgeons to get used to 
laparoscopic surgeries. The key steps are the 
same in principle. But the tractions and tactile 
sensation using the hand can be useful. 

Single-port surgery is an option for nephrec- 
tomy. The incision can be made around the umbi- 
licus or above the umbilicus. Home-made port, 
Octoport, or GelPort can be used. Unique devices 
are developed to prevent crush of both arm and 
camera. Although articulated instruments are not 
as strong as the conventional, non-articulated 
ones, better cosmesis is a strong point of this 
method. 


1.13.3.4 Partial Nephrectomy, 
Nephron-Sparing Surgery 
Partial nephrectomy is performed with the abso- 
lute indication in patients with bilateral RCC or 
tumor in a functionally or anatomically solitary 
kidney. Relative indications included unilateral 
tumor with future renal failure, such as baseline 
renal insufficiency or concurrent comorbid con- 
ditions such as renal artery stenosis, hyperten- 
sion, or diabetes. With the modern imaging 
techniques and increased incidence of inciden- 
tally detected tumors, the trend of renal onco- 
logic surgery has been shifted toward maximal 
renal functional preservation without compro- 
mising oncologic outcomes. Renal function after 
partial nephrectomy is determined by ischemic 
time, amount of preserved renal parenchyma, and 
baseline renal function [132]. Radical nephrec- 
tomy can lead to an increased risk of chronic kid- 
ney disease [133], which is associated with more 
cardiovascular events and mortality [134, 135]. 
Partial nephrectomy is a standard of care for 
tumors 4 cm or less (pT 1a). Patients having T1b 
tumors or selected patients with unilateral T2a 
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tumors can be treated with partial nephrectomy 
whenever feasible. Nephron-sparing surgery 
(NSS) is a treatment of choice whenever techni- 
cally possible. 


1.13.3.5 Open Partial Nephrectomy 
Open partial nephrectomy (OPN) has been the 
primary approach for NSS. Postoperative com- 
plications such as urine leak and hemorrhage can 
occur after OPN. 

OPN can be performed in flank position, not 
entering the peritoneal space. Flank incision 
with or without cutting the rib can be used. In 
general, the 11th rib can be used as an index, 
and it can be cut for 5 cm to have a better 
exposure. Alternatively, the 10th or 12th rib can 
be used as an index according to the location of 
tumors. After incision of flank muscles, the 
kidney and Gerota’s fascia can be separated 
from the back muscles, and the peritoneum can 
be peeled off to expose the renal hilum. The 
renal artery can be dissected and tagged with 
vessel loop. Location of the ureter has to be 
identified to prevent potential ureteral injury. 
Intraoperative ultrasonography can be used 
before or after removal of the peritumoral fat to 
have an accurate margin if the tumor is not exo- 
phytic. Before clamping the renal artery with 
Bulldog clamp or Satinsky clamp, expected 
resection margin can be marked by electrocau- 
terization at the renal capsule. After inducing 
the renal ischemia, the tumor can be removed 
by cold scissor or cutting current. Depending 
on situations, enucleation method or extracor- 
poreal tumorectomy and autotransplantation or 
“zero ischemia” with unclamping can be used. 
After removal of the tumor with a certain safety 
margin, the collecting system or large vessels 
can be closed with 4-0 Prolene, if opened. 
Small vessels can be coagulated with bipolar 
electrocauterization. If the anticipated ischemic 
time is over 25-30 minutes due to difficult loca- 
tion or large size, cold ischemia can be induced 
with NaCl ice-slush. V-loc sutures are helpful 
in reducing the ischemic time. After applying 
Floseal in the resected bed and suturing the 
parenchyma with 1—0 Vicryl, the renal paren- 
chyma can be approximated. If there is no 
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bleeding after reperfusion of the kidney, Floseal 
and Surgicel are applied. Some surgeons use 
Tisseel to seal the needle hole in the paren- 
chyma according to their preferences. 


1.13.3.6 Minimally Invasive Partial 
Nephrectomy 

With the advance of minimally invasive surgery, 
laparoscopic and robotic surgery is introduced in 
this field. Minimally invasive surgeries have bet- 
ter convalescence and better cosmesis compared 
to those of open surgeries because this method 
can prevent large, muscle-dissecting flank 
incision. 


1.13.3.7 Laparoscopic Partial 
Nephrectomy 

Laparoscopic partial nephrectomy (LPN) had 
been performed in a limited number of centers 
by experienced surgeons to small, exophytic 
peripheral tumors with two normal functioning 
kidneys, because it is technically difficult to 
perform. Complication rates of LPN were 
higher than that of OPN or LRN in early series, 
as high as 30% [136, 137]. In experienced 
hands, the complication rates were decreased 
[138]. The survival of LPN was equivalent to 
that of OPN [131]. 

In laparoscopic partial nephrectomy, the loca- 
tion of ports is slightly different from those of 
radical nephrectomy. The surgeon’s both hand 
ports should be designed to perform the suturing 
without difficulty. Tumor location is an important 
factor that should be considered. Key steps are 
similar to OPN in principle but using the laparo- 
scopic instruments instead of the hand (Figs. 1.78 
and 1.79). The kidney should be positioned to 
facilitate an easy resection and suturing. It can be 
done by an assistant using a grasper or tagging 
the pararenal tissue to the abdominal wall using 
sutures. 


1.13.3.8 Robot-Assisted Laparoscopic 
Partial Nephrectomy 

Da Vinci robot system enabled enhanced dexter- 

ity and stereoscopic 3-D vision. While LPN was 

a technically demanding procedure to be adopted 

for every surgeon due to the difficulty of suturing, 
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Fig. 1.78 Tumor with adequate resection margin, includ- 
ing peritumoral normal parenchyma is resected using 
endo-scissors 


Fig.1.80 Renal artery is clamped with Bulldog clamp in 
a robot-assisted laparoscopic partial nephrectomy 


Fig. 1.79 After tumor resection and bed suture, the ren- 
orrhaphy using 1-0 Vicryl is done 


suturing using robotic system is easier to perform 
because this system has 7° of freedom and mim- 
ics the open surgery. This can relieve the sur- 
geon’s pressure to complete the resection and 
renorrhaphy within 25-30 minutes of warm isch- 
emic time. This can be a viable alternative to 
OPN or LPN in small renal tumors [139], and 
also having the advantage of minimally invasive 
surgeries (Figs. 1.80 and 1.81). 


Fig. 1.81 Having a suction-irrigator at the left hand, the 
tumor is resected with decreased dependence on assistant 


1.14 Targeted Therapy 
in Metastatic Renal Cell 
Carcinoma: Advancing 
Paradigms 


1.14.1 Introduction 


The 5-year survival for renal cell carcinoma 
(RCC) improved from 52% in 1975 to 74% in 
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2014 [140]. Sixteen percent of individuals, 
however, will present with distant metastases. 
The contemporary 5-year survival for metastatic 
RCC is reported as only 12% [140]. Consistent 
with the short survival associated with metastatic 
RCC, this malignancy is relatively unresponsive 
to traditional chemotherapeutic agents [141]. 
Until recently, patients were left with few options 
including the biologic response modifiers IL-2 
and IFN-a. 


1.14.2 Novel Agents 
in Metastatic RCC 


Current clinical trials have been conducted focus- 
ing on clear cell RCC, because of their well- 
established molecular genetic mechanisms. Most 
patients with clear cell RCC have mutations of 
the von Hippel—Lindau (VHL) tumor suppressor 
gene resulting in cell signaling abnormalities 
[118]. Under normal conditions, VHL proteins 
complex with hypoxia-inducible factor (HIF) 1-a 
and 2-b, leading to degradation. However, in its 
absence, HIF 1-a and 2-b complex together lead- 
ing to production of growth factors such as vas- 
cular endothelial growth factor (VEGF), 
platelet-derived growth factor (PDGF), and trans- 
forming growth factor-a (TGF-a). These growth 
factors activate cell surface growth factor recep- 
tors setting off intracellular signaling pathways, 
ultimately ending in angiogenesis and prolifera- 
tion of malignant cells [142]. 

1.14.2.1 Tyrosine Kinase Inhibitors 
Sorafenib 

Sorafenib (BAY 43-9006, Nexavar), approved in 
2005, is a multi-kinase inhibitor which was 
designed as a c-Raf and b-Raf inhibitor. The Ras/ 
Raf signaling pathway is a mediator of tumor cell 
proliferation and angiogenesis [143]. Sorafenib 
also inhibits several tyrosine kinases on the intra- 
cellular domain of VEGFR and PDGFR. FDA 
approval of sorafenib was largely based on a mul- 
ticenter, randomized, double-blind phase III trial 
(TARGET trial), comparing sorafenib 400 mg 
twice daily to placebo in 903 patients with 
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previously treated metastatic clear cell RCC 
[144]. Overall, sorafenib was shown to be more 
efficacious than placebo with a 10% RR and a 
56% reduction in risk of PFS (5.5 months vs 
2.8 months) in second-line treatment of RCC. 


Sunitinib 

Sunitinib (SU11248, Sutent), approved in 2006, 
is the second TKI marketed in the United States 
for the treatment of RCC. It inhibits the same 
tyrosine kinases as sorafenib plus the colony- 
stimulating factor receptor type I, but it does not 
inhibit Raf [145]. A phase III trial conducted 
comparing sunitinib with IFN-a in 750 patients 
with untreated metastatic clear cell RCC [146]. 
Patients assigned to receive sunitinib achieved a 
median PFS of 11 months, which was more than 
double the 5-month PFS observed in the IFN-a 
group (HR: 0.42). OS difference between the 
groups was borderline for statistical significance 
possibly due to crossover to sunitinib after pro- 
gression on IFN-a alone (26.4 months vs 
21.8 months, p=0.051) [147]. 


Pazopanib 

Pazopanib (Votrient) is a potent and selective 
multi-targeted receptor TKI. A phase III trial 
(COMPARZ trial) showed comparable efficacy 
(pazopanib ORR 31%, PFS 8.4 months, OS 
28.4 months vs sunitinib ORR 25%, PFS 
9.5 months, OS 29.3 months) with better safety 
compared to sunitinib [148]. 


Axitinib 

Axitinib (AGO13736, Inlyta) is a small-molecule 
TKI. A phase III trial (AXIS trial) for previously 
treated metastatic RCC showed significantly lon- 
ger PFS compared to sorafenib (6.7 months vs 
4.7 months, p<0.001) [149, 150]. 


TKI Adverse Effects 

Adverse effects commonly associated with TKIs 
include diarrhea, nausea, vomiting, fatigue, rash, 
hand-foot syndrome, and leukopenia. Sunitinib 
can cause QT prolongation with torsades de 
pointe as well as thyroid and adrenal dysfunction, 
and patients should be monitored for such 
throughout therapy. 
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1.14.2.2 mTOR Inhibitor 


Temsirolimus 

Temsirolimus (CCI-779, Torisel) most recently 
received FDA approval for the treatment of 
advanced RCC. It inhibits the mammalian target 
of rapamycin (mTOR), which is regulated by 
upstream kinases, including phosphatidylinosi- 
tol 3-kinase/Akt [151]. Interruption of mTOR 
signaling decreases levels of HIF, VEGF, and 
other intracellular factors involved in the pro- 
gression of the cell through its cycle. In the only 
phase III trial reported to date, temsirolimus was 
compared with IFN-a2a and the combination of 
temsirolimus and IFN-a2a as first-line treatment 
in 626 patients with metastatic RCC [152]. 
Compared to IFN-a, temsirolimus monotherapy 
was associated with an increase in OS 
(10.9 months vs 7.3 months, p=0.008), PFS 
(5.5 months vs 3.1 months, p<0.001), and RR 
(8.6% vs 4.8%) and was better tolerated than 
IFN-a2a alone (grades 3—4 adverse effects, 69 % 
vs 85 %). The addition of temsirolimus to IFN-a 
did not add benefit in OS and was associated 
with an increase in adverse events (grades 3—4 
adverse effects: 87%). 


Everolimus 

Everolimus is the second-line treatment agent for 
patients who have already failed VEGF inhibitor 
therapy. Everolimus has been demonstrated to 
prolong PFS (4 months, 3.25-6.32 month) in 
these patients [153]. 


mTOR Inhibitor Adverse Effects 

The most common adverse reactions are asthe- 
nia, rash, nausea, and anorexia. Temsirolimus 
inhibits the production of VEGF and is associ- 
ated with adverse effects commonly observed in 
patients who receive anti-angiogenic therapy, 
including hypertension (7%), bowel perforation 
(1%), and abnormal wound healing (1%). 
Surgery should be avoided during treatment, and 
adequate time for wound healing should be 
allowed before instituting temsirolimus. 
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1.14.2.3 Monoclonal Antibody 


Bevacizumab (VEGF Monoclonal Antibody, 
Avastin) 

Two phase III trials (AVOREN, CALGB90206) 
reported that bevacizumab plus IFN-a showed 
longer median PFS (10.2 months vs 5.4 months, 
p=0.0001 and 8.5 months vs 5.2 months, 
p<0.0001, respectively) compared to IFN-a 
monotherapy in patients with clear cell meta- 
static RCC [154, 155]. 


Bevacizumab Adverse Effects 

Similar to other agents targeting VEGF and 
angiogenesis, bevacizumab has been associated 
with hemorrhage (4.7-5.2 %), arterial thrombo- 
embolism (4.4%), venous thromboembolism 
(13.6-15.1%), hypertension (8-18 %), left ven- 
tricular dysfunction (grades 2-4: 1.7 %), protein- 
uria (grades 3/4: 3 %), gastrointestinal perforation 
(O-3.7%), and wound-healing complications 
(0.8 %) [156]. 


1.14.3 Combination and Sequencing 
Therapy of Targeted Agents 


Given the differences in mechanisms of action, 
and the apparent lack of cross-resistance, combi- 
nation therapy has been proposed to maximize 
VEGF inhibition and increase activity of these 
drugs in patients with metastatic RCC. As 
described above, bevacizumab plus IFN-a was 
efficacious. However, both RECORD-2 and 
INTORACT studies, recently reported phase II 
and phase III trials, did not ultimately prove supe- 
rior to single agents [157, 158]. Despite increased 
toxicity, such combinations have not demonstrated 
improvements in RR or PFS. With this regard, 
there has been a need to sequence available agents. 

Sequencing therapy is currently the best 
approach to treat resistance, because of limited 
cross-resistance between VEGF TKlI-targeted 
agents. However, optimal order of sequencing 
targeted agents remains to be determined with 
prospective trials. 
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1.14.4 Conclusions 


Targeted therapies represent a significant advance 
in the treatment of metastatic RCC and have been 
shown to be superior to IFN-a or placebo. Future 
treatment strategies for metastatic RCC will likely 
incorporate acombination of molecular approaches, 
using multidrug regimens consisting of small-mol- 
ecule kinase inhibitors with biologic therapies, 
immune-modulatory therapies, or both. 


1.15 Radiation Therapy 


As complete surgical extirpation is the mainstay 
curative treatment of most renal tumors, primary 
irradiation is rarely used. Although radiotherapy 
may be given preoperatively or postoperatively, its 
role remains controversial. Addition of radiotherapy 
either preoperatively or postoperatively tends to 
improve local control in locally advanced renal 
tumors [159-161]. However, it is not clear whether 
radiotherapy confers survival benefit. Accurate eval- 
uation of tumor extent and regional spread is impor- 
tant to determine target volumes of radiotherapy. 
Contrast-enhanced computed tomography is useful 
for target volume definition. Some preliminary 
results have been reported on the efficacy of stereo- 
tactic body radiotherapy (SBRT) of renal cell carci- 
nomas. With the technological advance in image 
guidance and radiation delivery, SBRT can be an 
option to ablate small renal mass with excellent local 
control and acceptable toxicity profile [162—164]. In 
delivering SBRT of renal tumors, optimal imaging 
studies are of upmost importance to provide demar- 
cation of lesions form normal renal parenchyma and 
spatial relations regarding adjacent critical struc- 
tures. Contrast-enhance CT is mandatory to define 
target volumes for SBRT of small renal tumors. 
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2.1 Introduction 


Primary bladder neoplasms consist 2—6 % of all 
tumors, and bladder cancer is the fourth common 
malignancy [1]. Tumors can arise from the uro- 
thelium or other layers of the bladder wall. The 
bladder wall consists of four layers. The first 
layer is the uroepithelium. This consists of 3—7 
layers of stratified flat cells. More superficial 
cells are flexible and change shape from cuboidal 
to flat with distension of the bladder. This is why 
we call it “transitional epithelium.” The second 
layer is the lamina propria. The third layer is the 
muscularis propria (detrusor muscle). The fourth 
layer is the adventitia. Bladder neoplasms arise 
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from any of the four layers. They are classified 
into epithelial and nonepithelial tumors [1]. 
Epithelial tumors consist 95 % of bladder tumors. 
When epithelial tumor differentiates to normal 
urothelium, we call it urothelial. Other epithelial 
tumors include squamous cell carcinoma, adeno- 
carcinoma, small cell/neuroendocrine carcinoma, 
carcinoid, and melanoma. These epithelial 
tumors occur at the surface of bladder lumen and 
usually show irregular, intraluminal mass. 
Muscle, nerve, cartilage, and fat, fibrous tis- 
sues are derived from the mesenchymal tissue. 
Benign mesenchymal tumors include leiomy- 
oma, paraganglioma, fibroma, plasmacytoma, 
neurofibroma, and lipoma. Malignant tumors 
include rhabdomyosarcoma, leiomyosarcoma, 
lymphoma, and osteosarcoma. They usually 
occur at the submucosal layer of the bladder wall 
and have a smooth intramural appearance. 
Imaging findings of these tumors are some- 
times nonspecific and tissue confirmation is 
needed for diagnosis. However, some tumors 
have specific imaging findings, and this preoper- 
ative diagnosis is helpful in the clinical setting. 


2.2 Urothelial Tumors 


Transitional Cell Carcinoma: 
Bladder 


2.2.1 


The urothelium is exposed to carcinogens, and 
both synchronous and metachronous transitional 
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cell carcinomas (TCCs) can occur from urothe- 
lium. There are typical findings of TCCs occur- 
ring in the bladder, ureter, and renal pelvis 
although they have same pathologic findings. 
Carcinoma of the bladder is the most common 
neoplasm of the urinary tract, and more than 90 % 
of the primary bladder cancers are transitional cell 
carcinomas (TCCs). Tumors in the urothelium of 
the renal pelvis and ureter are rare compared with 
those in the bladder; tumors in the renal pelvis are 
more common compared with those in the ureter. 
Typical findings of TCCs are irregular mass from 
urothelium. TCCs in the urinary bladder are usu- 
ally confined to the bladder lumen; however, they 
extend to outside of the bladder when they become 
larger. Focal wall thickening is a manifestation of 
TCCs of the ureter. Usually, they are confined to 
the lumen of the urinary tract; however, they can 
show infiltrative growth to the renal parenchyma 
when they become larger. 

Bladder cancer is the most common malig- 
nancy of the urinary tract consisting about 90 % 
[2]. About 25 % of urothelial cancers have mixed 
histology such as small cell neuroendocrine, 
micropapillary, sarcomatoid, and plasmacytoid 
component. The most common etiologic factor 
for TCC is cigarette smoking [3]. Exposure to 
other carcinogens such as dyes, rubber, cable, 
and plastics and abuse of analgesics are also risk 
factors for transitional cell carcinomas. About 
80-85 % of TCCs do not invade muscle and they 
occur from a hyperplastic epithelium. They have 
low histologic grade and are multifocal. They can 
recur in about 50% after treatment; however, 
they have good prognosis [4, 5]. About 20-25 % 
of bladder TCCs invade muscle and have higher 
histologic grade [6]. 


2.2.1.1 CT 
CT is the modality of choice for workup of blad- 
der TCC patients. With CT urography, not only 
urinary system but also perirenal, periureteral, 
and extravesical tumor spread, lymph node metas- 
tases, and distant metastases can be evaluated 
simultaneously [7]. 

When CT urography is performed in MDCD, 
fast multiplanar and high-resolution images can 
be acquired. CT urography has 79% sensitivity 
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and 94% specificity for diagnosis of bladder 
malignancies [5]. However, CT urography has 
limited utility in staging bladder TCCs and is 
more useful in advanced diseases [8]. Muscle- 
invasive and non-muscle-invasive bladder TCCs 
and microscopic perivesical tumor infiltration 
cannot be detected with CT urography [9]. CT 
cannot confidently detect flat lesions and lesions 
at the bladder base near prostate gland. For these 
reasons, CT urography cannot be used as a 
replacement for cystoscopy in patients with sus- 
pected bladder cancer. Another problem is that 
CT cannot differentiate inflammatory wall thick- 
ening from tumor after transurethral resection of 
bladder tumor (TURBT). 

Virtual cystoscopy of the bladder can be per- 
formed with CT. This utilizes three different 
techniques: intravenous contrast injection to 
enhance tumor, bladder lumen filling with con- 
trast with bladder catheter or opacification 
through intravenous contrast, and negative intra- 
luminal contrast using air or CO, through bladder 
catheter [10, 11]. Bernhardt et al. reported that 
CT virtual endoscopy had 97.2% sensitivity and 
100% specificity for bladder lumen pathologic 
lesions [12]. In spite of this relatively high diag- 
nostic accuracy, this high performance should be 
carefully interpreted. Things to consider are first, 
virtual cystoscopy is more invasive compared 
with CT urography; second, cystoscopy is still 
needed for detection of flat lesion; and third, 
reduced sensitivity for dependant lesion is due to 
pool of urine obscuring the mucosa [13]. 

Bladder TCCs have various appearances (car- 
cinoma in situ (CIS), papillary, infiltrative, and 
mixed papillary and infiltrative). Tumor with pap- 
illary growth has tendency to be less invasive to 
muscle and has better prognosis compared to that 
of infiltrative growth. Median survivals of tumors 
with papillary growth and infiltrative growth are 
85 months and 29 months respectively [14]. 

Bladder wall thickening, focal nodular or 
irregular, is finding of bladder TCCS (Fig. 2.1). 
However in underdistended bladder, this finding 
should cautiously be interpreted [15]. In addition, 
diffuse wall thickening is rare presentation of 
bladder TCCs, except in case of irregular or nod- 
ular wall thickening [16]. In many cases, focal 
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Fig. 2.1 A 69-year-old man with bladder cancer. (a) 
Axial US image of the bladder shows a lumen protrud- 
ing mass (arrows) in the right lateral wall of the bladder. 
(b) Early-phase contrast-enhanced CT image demon- 
strates strong enhancing, nodular lesion (arrow) within 
the bladder. Note low attenuation of urine in the bladder 
with excreted contrast in the bladder lumen. (c) 


wall thickening in dependent wall is hard to 
detect in delayed-phase images because of con- 
trast material in the bladder lumen and associated 
beam-hardening artifact (Fig.2.1d). 


Maximum-intensity-projection image of bladder mass 
(arrow) with contrast material filled in the bladder 
lumen. (d) Nephrogenic phase contrast-enhanced CT 
image demonstrates obscured tumor contour due to 
excreted contrast to the bladder lumen. (e) Cystoscopic 
photograph shows papillary mass fungating into the 
bladder 


Discrete bladder mass and nodule are findings 
of bladder TCCs. This lesion shows early enhance- 
ment after contrast injection (within 60 s) when 
the lesion is surrounded by low-attenuated urine. 


62 


Fig. 2.2 A 74-year-old man with bladder cancer. 
Contrast-enhanced axial CT image of the bladder shows 
iso-attenuated mass (large arrow) in the posterior wall of 
the bladder. Note calcification in the mass (small arrows) 
and perivesical infiltration (arrowheads) 


However, filling defect in delayed-phase image is 
also helpful in the detection of tumor when the 
nodule is large (Fig.2.1c). For this reason, focal 
hyperenhancement of the bladder urothelium 
should be considered as bladder TCCs. In other 
words, early-phase images are more important for 
detection of bladder TCCs because subtle lesion 
is more difficult to detect in delayed-phase images 
due to contrast material excreted to the bladder 
lumen. As a result, when patients suspected with 
bladder malignancy undergo contrast-enhanced 
CT, early-phase image should be obtained before 
contrast excretes to the bladder. 

Presence of ureteral obstruction is observed 
when tumor invades the bladder muscle. 
Perivesical fat infiltration is seen when tumor 
extends to perivesical fat (Fig. 2.2) [17]. 
Calcification of bladder wall associated with blad- 
der wall thickening should be suspected as malig- 
nancy, and further evaluation should be done. 
But, calcification can also be seen as sequelae of 
previous infections, bacilli Calmette Guérin 
(BCG) therapy. 


2.2.1.2 MRI 

MR imaging is known to allow more accurate 
staging of bladder TCCs than CT due to high soft 
tissue contrast [18]. MR imaging is better in 
assessing both muscle invasion and extravesical 
invasion in bladder TCCs. In addition, MR imag- 
ing has no radiation. In the evaluation of bladder 
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TCCs, high spatial resolution is needed. For this 
purpose, phased-array external surface coil, thin 
section, and large matrix are needed. Twenty- 
eight to 32 cm axial field of view (FOV) is suffi- 
cient to evaluate bladder and adjacent structures. 
Optimal echo time (60-80 ms) is crucial for high 
contrast-to-noise ratio, which is important in 
evaluating bladder wall invasion depth with 
tumor [19]. 

Axial Tl-weighted images are useful in 
detecting perivesical tumor infiltration. On 
T1-weighted images, urine in the bladder shows 
low signal intensity, bladder wall shows iso- 
signal intensity, and perivesical fat shows high 
signal intensity. On T2-weighted images, urine 
has high signal intensity and bladder wall shows 
low signal intensity. 

With instructing patients to void 2 h before 
MR, optimal bladder distension can be achieved 
[20]. When the bladder is underdistended, small 
tumors cannot be detected due to thickening of 
bladder muscle. An overdistended bladder may 
cause obscuring of flat bladder TCCs. Bowel 
peristalsis causes artifact; this can be reduced 
with administering an intramuscular antiperistal- 
tic agent and using anterior saturation bands. 
With swapping phase and frequency-encoding 
direction, motion artifact can also be reduced 
[13]. Chemical shift artifact is misregistration of 
spatial information caused by the difference of 
resonant frequencies of fat and water. This 
occurs in the interface of water and fat [21]. This 
artifact is seen in frequency-encoding direction 
and appears as low- and high-signal bands along 
the water-fat interface perpendicular to face- 
encoding direction. The pixel width of this arti- 
fact gets wide as field strength increases. This 
bandlike artifact can hinder detection of bladder 
wall tumor. To reduce this artifact, the increase 
of bandwidth and changing direction of 
frequency-encoding direction are needed [22]. 
T2-weighted images are obtained in three 
orthogonal planes. High-resolution images with 
plane perpendicular to the bladder mass are most 
crucial in the evaluation of muscle invasion 
depth and perivesical extension [18]. When the 
tumor does not invade bladder muscle, low sig- 
nal intensity of muscle is not interrupted on 
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T2-weighted image. When the tumor invades 
bladder muscle, low signal intensity of muscle is 
interrupted by the tumor. When tumor extends to 
extravesical fat or organ, this can also be seen 
MR imaging (Fig. 2.3). 

With multiplanar imaging, MR imaging can 
minimize partial volume averaging and allow accu- 
rate evaluation of bladder muscle invasion with 
tumor. Coronal images are useful in evaluating 


63 


bladder lateral wall and dome. Sagittal images are 
useful in detecting lesions in the anterior and poste- 
rior wall [13]. 

Recently, 3D sequence MR imaging is feasible. 
Compared to 2D sequence, 3D sequence offers 
shorter acquisition time, volumetric coverage 
without interslice gaps, and higher signal-to-noise 
ratio [19]. With this technique, single-breath-hold 
imaging acquisition is possible. 


Fig. 2.3 A 57-year-old man with bladder cancer. (a) 
Sagittal T2-weighted MR image of tumor shows large 
mass with the bladder wall thickening (arrow). Perivesical 
stranding (small arrows) was confirmed to tumor spread 
at histopathologic examination. (b) Sagittal T1-weighted 


MR image shows mass in the bladder (arrow). Mass 
shows iso-signal intensity with adjacent muscle. (c) 
Sagittal contrast-enhanced Tl-weighted MR image 
reveals enhancing mass in the bladder (arrow). Perivesical 
tumor spread is seen (small arrows) 
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The bladder wall does not show early enhance- 
ment on the gadolinium-enhanced images. In the 
early phase (20 s after intravenous contrast injec- 
tion), bladder TCCs show more enhancement than 
adjacent bladder muscle [23]. The bladder TCCs, 
mucosal, and submucosa have early enhancement, 
but bladder muscle shows late enhancement (60 s) 
[18]. Bladder TCCs show as filling defect in 
delayed (>5 min) image, but small lesion can be 
obscured due to contrast material in the bladder. 

The bladder TCCs with increased cellular den- 
sity show increased signal intensity on diffusion- 
weighted images and reduced signal intensity on 
apparent diffusion coefficient (ADC) maps [24]. 
Changes of signal intensity on diffusion-weighted 
images are more useful than ADC measurement, 
because there can be interobserver variation in ADC 
values in the bladder tumor in relatively thin blad- 
der wall [25]. Diffusion-weighted image in blad- 
der TCCs has shown improved differentiation of 
bladder TCCs from bladder muscle layer [26-29]. 
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Table 2.1 TNM classification of the bladder TCC 


Findings 


Tx Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Ta Papillary noninvasive carcinoma 

Tis Carcinoma in situ 

T1 Tumor invades subepithelial connective tissue 
T2 Tumor invades muscularis propria 

T2a | Tumor invades the superficial muscularis 


propria (inner half) 


T2b | Tumor invades the deep muscularis propria 
(outer half) 

T3 Tumor invades perivesical tissue 

T3a__| Tumor invades perivesical tissue 
microscopically 

T3b | Tumor invades perivesical tissue 
macroscopically (extravesical mass) 

T4 Tumor invades any of the following: prostatic 


stroma, seminal vesicles, uterus, vagina, pelvic 
wall, abdominal wall 


Tumor invades pelvic wall, abdominal wall 


2.2.1.3 Staging 

The clinical stage of the bladder cancer is deter- 
mined by the depth of invasion of bladder wall by 
the tumor. The clinical staging, with using CT or 
MR imaging, often underestimates tumor extent. 
CT is standard imaging modality for preoperative 
staging. The accuracy of contrast-enhanced CT in 
the local staging of bladder TCCs is 40-60 % [30, 
31]. The accuracy of contrast-enhanced MR imag- 
ing is 52-93 % [18, 32-35]. Microscopic perivesi- 
cal spread (T3a) is not detectable in CT or MR 
imaging. Macroscopic perivesical disease (T3b) 
can be diagnosed at CT or MRI. However, peri- 
vesical edema or inflammation especially after 
bladder cancer treatment can mimic perivesical 
tumor spread. The TNM classification of the renal 
pelvis and ureter is tabulated in Table 2.1 [36]. 


2.2.2 Transitional Cell Carcinoma: 
Kidney and Ureter 


Upper urinary tract TCCs occur in the sixth and 
seventh decades of life and have male predomi- 
nance [37]. TCCs are common in the urinary 
bladder, and 5 % of urothelial tumors arise from 


T4a Tumor invades prostatic stroma, uterus, vagina 


Nx Regional lymph nodes cannot be assessed 

NO No regional lymph node metastasis 

N1 Single regional lymph node metastasis in the 
true pelvis (hypogastric, obturator, external 
iliac, or presacral lymph node) 

N2 Multiple regional lymph node metastases in 
the true pelvis (hypogastric, obturator, external 
iliac, or presacral lymph node) 

N3 Lymph node metastases to the common iliac 
lymph nodes 

MO No distant metastasis 

M1 Distant metastasis 


T primary tumor, N regional lymph nodes, M distant 
metastasis 


the renal pelvis or ureter, and they account for 
10 % of tumors of the upper urinary tract [38, 39]. 
Smoking, chemical carcinogens (aniline, benzi- 
dine, aromatic amine, azo dyes), analgesic abuse, 
cyclophosphamide, and heavy caffeine consump- 
tion increased risk of TCCs [38, 40]. 

Upper urinary TCCs are histologically similar 
to bladder TCCs [41]. Low-grade tumors have 
superficial, papillary appearance with broad base, 
are usually small and slowly growing, and have 
good prognosis [42]. High-grade tumors are less 
common, pedunculated or diffusely infiltrating, 
and more aggressive [43]. 
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Synchronous bilateral TCCs occur in 1-2 % of 
renal TCCs and 2-9% of ureteral TCCs, and 
11-13% of upper urinary tract TCCs develop 
metachronous upper urinary tract TCCs [37]. 
About 50% of upper urinary tract TCCs will 
develop bladder TCCs after surgical treatment 
[38, 44]. Two percent of bladder TCCs have syn- 
chronous upper urinary tract TCCs and 6% will 
have metachronous upper tract tumor [45]. 


2.2.2.1 Intravenous Urography 

and Retrograde Pyelography 
TCCs from the upper urinary tract are usually 
diagnosed with intravenous urography (IVU) in 
the patients with hematuria. These days, CT 
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urography gradually replaces the [VU the nonin- 
vasive methods of choice in the diagnosis of 
TCCs from the upper urinary tract. The TCCs 
from the upper urinary tracts are well visualized. 
Calcifications can be seen in precontrast radio- 
graph in 2-7 % of tumors, and they can be con- 
fused as urinary stone [37]. 

TCCs from renal pelvicalyceal system can be 
seen as a filling defect in IVU. These filling 
defects can be single or multiple and smooth, 
irregular, or stippled (Fig. 2.4). Contrast material 
dispersed in the papillary mass is shown as stip- 
pled appearance in IVU. This finding also can be 
seen in benign lesions such as blood clot and fun- 
gus ball. Some TCCs can show stricture-like 
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Fig. 2.4 A 51-year-old woman with papillary transi- 
tional cell carcinoma in the left renal pelvis. (a) IVU 
shows irregular filling defects in the pelvis of the left 
kidney (arrow). Note the surface of the lesion has mot- 
tled and streaky appearances suggesting papillary nature 
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of the lesion (stipple sign). (b) US of the left kidney 
shows lumen protruding mass in the left renal pelvis 
(arrow). Note adjacent hydronephrosis. (c, d) Contrast- 
enhanced CT scans show a mass in dilated left renal pel- 
vis (arrows) 
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lesions; these findings can be misinterpreted as 
renal tuberculosis [40]. When tumors obstruct 
renal infundibulum, affected calyx is not visual- 
ized in IVU and this is calyceal amputation. 
When calyx is not seen in IVU, we call it “phan- 
tom calyx” (Fig. 2.5). 


Fig. 2.5 A 54-year-old man with papillary transitional 
cell carcinoma in the left renal infundibulum. Upper polar 
calyx is not seen in IVU due to obstruction of infundibu- 
lum (phantom calyx) 


Fig. 2.6 An 84-year-old man with transitional cell carci- 
noma. (a) RGP shows a papillary filling defect in the right 
renal pelvis with amputation of the lower calyceal infun- 
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TCCs from the ureter are seen as single or 
multiple filling defects. Stippling or proximal 
obstruction can be seen. When there are long- 
standing obstructions due to ureteric tumor, con- 
trast excretion can be poor, and it may be hard to 
evaluate ureteric lesion. When this happens, 
contrast-enhanced CT or retrograde pyelography 
(RGP) can be done for further evaluation. 

Retrograde pyelography is performed during 
cystoscopy, for further evaluation when upper 
urinary tract lesions are not well visualized dur- 
ing IVU or when patients are allergic to contrast 
materials. Although RGU is more invasive com- 
pared with IVU, it can aid confirmation of lesion 
detected in IVU and help biopsy or brushing dur- 
ing ureteroscopic examination. 

Renal TCCs are irregular papillary or nodular 
mass in RGU (Fig. 2.6). Amputated calyx can be 
seen when TCCs invade and obstruct renal infun- 
dibulum. When tumor fills and distends calyx, we 
call it “oncocalyx.” 

Ureteral TCCs are usually seen as polypoid fill- 
ing defect with proximal dilatation. Circumferential 
or eccentric ureteric strictures can be seen in TCC 
and sometimes they can be confused with benign 


dibulum (arrows). (b) Contrast-enhanced CT shows mass 
with irregular surface (arrow) in dilated renal pelvis in the 
left kidney 
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strictures. In malignant stricture, there are usually 
ureteric fixation and nontapering margin [37]. In 
RGP, dilatation of the ureter distal to ureteral mass 
is seen, and this is called “goblet” sign (Fig. 2.7). 


2.2.2.2 CT 

CT is useful in the diagnosis of upper urinary 
tract TCCs. With CT urography, a small renal 
pelvis mass and urinary tract mass can be 
detected. CT urography is superior to IVU in that 
urothelium, renal parenchyma, and adjacent tis- 
sue can be evaluated at a time. 

There have been multiple different CT urogra- 
phy protocols: single-bolus technique, split-bolus 
technique, and triple-bolus technique. Among 
them single-bolus technique is most commonly 
used in practice. In single-bolus technique, pre- 
contrast scan is acquired from kidney to symphysis 
pubis. After that one bolus of contrast is injected 
and early, parenchymal, and excretory phase scan 
is acquired [46]. The advantage of this technique 
over the other technique (split-bolus and triple- 
bolus technique) is that it can provide optimal 
opacification and distension of the renal pelvis 
and ureter. In addition, small renal cell carcino- 
mas can be more easily detected compared with 
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Fig.2.7 An 88-year-old man with ureter transitional cell 
carcinoma. RGP shows a filling defect in the left midure- 
ter. Note smooth concavity of the ureter just beneath the 
tumor, which is “goblet sign” (arrows) 
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other technique. The major disadvantage of this 
technique is increased radiation dose due to mul- 
tiple imaging phases. In split-bolus technique, 
contrast injection is divided into two sessions and 
imaging is acquired in combined nephrogenic and 
excretory phase. The advantage of this technique 
is decreased radiation due to reduced imaging 
phase [47, 48]. However, there are some questions 
about the optimal opacification of distal ureter 
due to half dose of contrast for excreted contrast 
[47, 48]. Triple-bolus technique splits dose of 
contrast into three boluses and acquires combined 
early-nephrogenic phase [49]. With this tech- 
nique, the radiation dose can be reduced, but the 
opacification and distension of ureter are also 
questionable in this technique. In addition, detect- 
ability of small renal lesion (such as small renal 
cell carcinoma) can be decreased. 

In performing CT urography, ancillary tech- 
niques, such as abdominal compression, intrave- 
nous (IV) saline, IV furosemide, and prone 
positioning, should be considered [46]. Abdominal 
compression is done for opacification of proximal 
urinary tract. But, the usefulness is in doubt [50]. 
IV saline injection is suggested in some studies to 
distend distal ureters [50]. IV diuretic injection 
improves distension and opacification of ureter 
[5]. But there are some difficulties in IV injection 
of diuretics in daily practice, because of allergy or 
hypotension. 

Single-bolus technique is most commonly 
used because of optimal distension of the ureter 
and higher sensitivity in the detection of renal 
mass [46]. To decrease beam-hardening artifact, 
which can interfere detection of small lesions, 
delayed images after 5 min are recommended 
[51]. When there is obstruction, more delayed 
image acquisition for excretory phase is needed. 

Renal TCCs are seen as filling defect renal pel- 
vis wall thickening in the excretory phase 
(Fig. 2.4). Other findings are pelvicalyceal irregu- 
larity, oncocalyx, or obstructed calyx (Fig. 2.6). 
Early TCCs are separated from renal parenchyma. 
Advanced TCCs extend to renal parenchyma. 
Sometimes renal TCCs have mass-like appear- 
ance, mimicking centrally located renal cell car- 
cinoma (RCC) (Fig. 2.8). Imaging features for 
renal TCCs are as follows: mass epicenter in the 
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Fig. 2.8 A 77-year-old man with transitional cell carci- 
noma in the renal pelvis invading renal parenchyma. 
Contrast-enhanced CT shows extensive parenchymal 
invasion (arrows) of the left kidney. Note, the left kidney 
conserves reniform contour and mass shows homoge- 
neous and solid feature 


renal pelvis or calyx, presence of focal filling 
defect in collecting system, reniform contour 
preservation, mainly solid feature, homogeneous 
attenuation, moderate enhancement, and exten- 
sion of tumor to ureteropelvic junction. 

Ureteral thickening is the most common mani- 
festation of ureteral TCCs (Fig. 2.9) [50]. To detect 
thickening of ureter in ureter TCCs, meticulous 
check of all three phase is needed because subtle 
urothelial thickening can be seen in all three phases. 
Not only irregular and eccentric but also circumfer- 
ential and smooth wall thickening can be seen in 
ureteral TCCs [52]. TCCs show early enhancement 
so early phase is important phase in the detection of 
ureteral TCCs (Fig. 2.10) [52]. Enhancement pat- 
tern is usually focal and eccentric. Care should be 
taken for evaluation of ureteral enhancement 
because this can also be seen in inflammatory 
lesions [53]. Calcification can be seen ureteral 
TCCS. Calcification is usually located eccentri- 
cally or in the wall. This should be differentiated 
urinary stone which is located in the central lumen 
of ureter. Periureteral fat stranding can be seen in 
urinary TCCs. Usually cancer-related periureteral 
fat stranding is persistent after treatment; this is dif- 
ferential point from inflammation-related periure- 
teral fat stranding. Filling defects are findings of 
ureteral TCCs. But, when mass size is small, 


H.J. Choi et al. 


Fig.2.9 Transitional cell carcinoma of the distal ureter in 
a 77-year-old man. Coronal reformation image of contrast- 
enhanced CT shows irregular wall thickening of the right 
midureter (arrows) 


Fig.2.10 Transitional cell carcinoma of the distal ureter 
in a 73-year-old man. Contrast-enhanced CT shows an 
enhancing soft tissue lesion (arrow) in the right distal ure- 
ter. Note non-opacification of both external iliac veins, 
indicating that this image is early phase after contrast 
injection 


sometimes it is difficult to detect tumor in excretory 
phase due to beam-hardening artifact. Some of 
these lesions can be seen in the early or nephro- 
genic phase [54]. Ureteral TCCs can accompany 
hydronephrosis or hydroureter. Dilatation of proxi- 
mal ureter can be seen even when ureteral TCCs 
are no visible. So when there is ureteral dilatation 
proximal to suspected stricture without definite 
mass, ureteroscopic examination should be done 
not to miss small ureteral TCCs [52]. 
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Fig. 2.11 An 82-year-old man with transitional cell car- 
cinoma of the renal pelvis. (a) T2-weighted MR image 
shows hypointense mass in the left renal pelvis (arrow). 
Mass is confined to the renal pelvis. (b) T1-weighted MR 


2.2.2.3 MRI 
MR imaging is infrequently used in the evaluation 
of upper urinary tract TCCs. Generally, MR imag- 
ing is less commonly used compared with CT 
urography due to more time for acquiring image 
and more motion-related artifacts. However, when 
the patients have a contraindication to CT contrast 
agent, MRI can be an option. MR imaging has 
high soft tissue contrast, is independent to renal 
function, and allows multiplanar imaging. 

TCC shows lower-signal intensity than urine in 
T2-weighted images and tumors are well visualized. 


image shows iso-attenuated mass in the left renal pelvis 
(arrow). (€) Contrast-enhanced T 1-weighted image shows 
relatively less enhancement compared with renal paren- 
chyma (arrow) 


In gadolinium contrast-enhanced images, TCCs 
show moderate enhancement (Fig. ) [55]. MR 
urography is used in the evaluation of the upper uri- 
nary tract. At MR urography, ureteric TCCs are 
shown as irregular mass. Sometimes differentiation 
between stone and small TCCs is difficult in MR 
urography. Usually ureter stone has sharp margin but 
ureter TCCs usually have irregular margins. 


2.2.2.4 Staging 
The TNM classification of the renal pelvis and 
ureter is tabulated in Table [36]. 
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Table 2.2 TNM classification of the renal pelvis and ure- 


ter TCC 
Stage | Findings 
Tx Primary tumor cannot be assessed 
TO No evidence of primary tumor 
Ta Papillary noninvasive carcinoma 
Tis Carcinoma in situ 
Tl Tumor invades subepithelial connective tissue 
T2 Tumor invades the muscularis 
T3 Renal pelvis: tumor invades beyond muscularis 


into peripelvic fat or the renal parenchyma 


Ureter: tumor invades beyond muscularis into 
periureteric fat 


T4 Tumor invades adjacent organs or through the 
kidney into the perinephric fat 


Nx Regional lymph nodes cannot be assessed 


NO No regional lymph node metastasis 


N1 Metastasis in a single lymph node, <2 cm in 
greatest dimension 


N2 Metastasis in a single lymph node, >2 cm but 
not >5 cm in greatest dimension; or multiple 
lymph nodes, none >5 cm in greatest 
dimension 


N3 Metastasis in a lymph node, >5 cm in greatest 
dimension 


MO 
M1 Distant metastasis 


No distant metastasis 


T primary tumor, N regional lymph nodes, M distant 
metastasis 


2.3 Nonurothelial Tumors 


2.3.1 Squamous Cell Carcinoma 

Squamous cell carcinoma consists less than 5 % 
of bladder tumors [1]. Symptoms are gross hema- 
turia and irritation during voiding. Risk factors 
are nonbilharzial region residency, cyclophos- 
phamide, intravesical BCG, smoking, bladder 
stone, or chronic infection. Paraplegic patients 
usually have both bladder stone and infection [1, 
56]. Tumors are high grade and locally aggres- 
sive with muscle invasion [57]. They usually 
occur at the trigone and bladder lateral wall and 
diverticula [58]. Metastases are present in 10% 
of cases at diagnosis and involve the regional 
lymph node, bone, lung, and bowel [59]. Muscle 
invasion is present in 80 %, and extravesical inva- 
sion is extensive [60]. Prognosis is generally poor 
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Fig. 2.12 A 72-year-old man with squamous cell carci- 
noma of the bladder. Contrast-enhanced CT shows diffuse 
bladder wall thickening with mass formation in the poste- 
rior wall of the bladder (asterisk). Note perivesical infil- 
tration (arrows), which was histologically confirmed to 
tumor spread 


because it presents with advanced stage. Death is 
usually from local failure, with metastasis 
(8-10 %) [61]. 

Bladder squamous cell carcinoma has nonspe- 
cific imaging findings. Tumors show focal or dif- 
fuse bladder wall thickening or single enhancing 
bladder mass (Fig. 2.12) [60]. Diverticular squa- 
mous cell carcinomas are soft tissue masses and 
occasionally surface calcification may coexist 
[58]. Bladder squamous cell carcinoma shows 
sessile growth pattern compared to papillary 
growth pattern of TCCs. Bladder wall thickening 
or calcification can be seen. 


2.3.2 Adenocarcinoma 


Adenocarcinoma is a uncommon bladder neo- 
plasm (less than 2 %) [1]. It can be classified as pri- 
mary (nonurachal and urachal) and secondary. The 
mean age of diagnosis is 60 years, and urachal can- 
cer occurs 10 years earlier. Nonurachal adenocarci- 
noma has male predominance, but urachal 
adenocarcinoma has equal prevalence in men and 
women. Hematuria and irritation are common 
symptoms. In 25 % mucous secreted in urine [62]. 
Umbilical discharge can be seen in urachal cancer. 

Bladder adenocarcinoma is associated with 
bladder exstrophy and persistent urachus. 
Other risk factors are chronic mucosal irritation 
associated with intestinal metaplasia, urinary 
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diversion, and pelvic lipomatosis associated with 
cystitis glandularis. 

Metastatic adenocarcinoma of the bladder is 
more common than primary bladder adenocarci- 
noma. Adenocarcinoma is most common histo- 
logic type of secondary bladder neoplasms. 
Primary sites include direct invasion from colon, 
prostate, rectum, and pelvic tumors [63]. Hema- 
togenous metastases from the stomach, breast, 
and lung are less common. Differentiation of pri- 
mary and secondary bladder adenocarcinomas is 
important in deciding treatment plan. When blad- 
der metastases occur, usually there are locally 
invasive primary malignancies. 

Although urine cytology is useful, sensitivity 
is limited when tumor is located beneath mucosal 
layer. At cystoscopy, adenocarcinoma is usually 
single nodular lesion occurring at bladder base 
(58-67 %) and urachus. Primary adenocarcinoma 
is histologically same with colon adenocarcinoma, 
and it is difficult to distinguish primary adenocar- 
cinoma from metastatic adenocarcinoma, even 
with special stain [63]. 

Nonurachal adenocarcinoma shows diffuse 
bladder wall thickening at CT (75 %) and strand- 
ing of surrounding fat (88 %) [64]. Distant metas- 
tases (38%), lymph node metastasis (25%), 
rectus muscle invasion (25%), and peritoneal 
seeding were observed. 

Urachus is a midline remnant of the cloaca 
and allantois. It is located extraperitoneally and is 
bounded by the transverse fascia and parietal 
peritoneum. This area is called “Retzius space” 
[65]. In fetal life, urachus is regressed to a fibrous 
band and becomes medial umbilical ligament. 
This extend anterior dome of the bladder to umbi- 
licus. Incomplete regression of the urachus 
causes four anomalies: urachal sinus, patent ura- 
chus, urachal diverticulum, and urachal cyst. 
Among them, urachal cyst is the most common 
(30 %) [66]. Most urachal tumors are adenocarci- 
nomas (90%). Because urachal remnant is lined 
by transitional epithelium, the suggested patho- 
genesis is metaplasia of urachal mucosa into 
columnar epithelium and malignant transformation 
[65]. In urachal cancer, mucin stain is positive 
[62]. Urachal cancer has male predominance and 
occurs between 40 and 79 years old [65, 67]. 
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Fig.2.13 A 57-year-old man with adenocarcinoma of the 
bladder. Contrast-enhanced CT shows well-enhancing 
mass (arrow) in the anterior wall of the bladder. There are 
irregularities in the outer margin of the tumor indicating 
perivesical tumor extension 


Common symptoms are hematuria, dysuria, 
abdominal pain, suprapubic mass, and discharge 
from the umbilicus [17, 68]. 

In IVU or cystography, urachal adenocarci- 
noma is seen as a filling defect or extrinsic com- 
pression in the dome of the bladder. Tumor can 
be detected with ultrasound (US) as a fluid-filled, 
mixed echogenic solid mass with or without cal- 
cification adjacent to abdominal wall. But these 
imaging findings are nonspecific. 

CT and MR imaging are more accurate imag- 
ing modalities for evaluation of both local stag- 
ing and distant metastases. CT feature is a midline 
mass anterior superior to the dome of the bladder 
with mixed solid and cystic appearance 
(Fig. 2.13) [65]. The cystic component is mucin. 
Peripheral punctate or stippled or curvilinear cal- 
cification is present in 50-70 %, and they are con- 
sidered pathognomonic for urachal carcinoma 
[65, 68-70]. Urachal adenocarcinoma is outside 
of the bladder in 88 % [70]. In contrast to bladder 
TCCs, extravesical tumor spread is common 
(Fig. 2.14). Bladder wall invasion is present in 
92 % and metastases are present in 48 % [70, 71]. 
Pseudomyxoma peritonei rarely occurs. 

MR imaging is the best technique for evalua- 
tion of urachal adenocarcinoma. On T2-weighted 
images, there are focal high-signal-intensity 
lesions suggestive of mucin [65]. On T1-weighted 
images, tumor shows iso-signal intensity and 
enhances with contrast material. 
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Fig.2.14 A 62-year-old woman with urachal adenocarci- 
noma. Contrast-enhanced CT scan shows a mixed cystic 
and solid midline mass with punctate calcification antero- 
cranial to the bladder (arrows) 


Most tumors are advanced at diagnosis, and 
due to extravesical location, urachal tumors are 
clinically silent until they get bigger [1]. 
Prognosis is poor for invasive tumors (20-40 % 
survival at 5 years) [1]. 


2.3.3 Small Cell Tumors 


Small cell bladder tumor is a rare tumor (0.5 % of 
bladder tumor) [72, 73]. This tumor is an aggres- 
sive tumor with advanced stage at diagnosis. 
Presenting symptom is hematuria (88%) and 
patients usually have smoking history (65%). 
Patient’s age has a wide range (20-90 years old); 
there is male predominance (male-female =3-5:1) 
[72 231. 

Small cell bladder tumor arises from neuroen- 
docrine cells. They are sheets of small cells with 
round hyperchromatic nuclei, sparse cytoplasm, 
and mitotic figure in histology. Majority have 
mixed tumor histology. 

Cystoscopically, tumors are large and polyp- 
oid or nodular with ulcerative surface, mimicking 
other high-grade bladder cancer. The most com- 
mon site is the lateral bladder wall [73]. On CT 
images, tumor has wall invasion, central necrosis, 
or cystic change (Fig. 2.15). Mass size is from 3 
to 8 cm [74]. Calcification is not common. Tumor 
shows patchy enhancement unlike bladder TCCs 
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Fig. 2.15 Small cell carcinoma of the bladder in a 
65-year-old woman. Contrast-enhanced CT scan shows 
broad-based, large mass (arrow), which is not distinguish- 


able from other bladder tumors. 
infiltration 


Note perivesical 


[74]. Metastases occur rapidly, and the metastatic 
sites are the peritoneum, liver, bone, lung, and 
lymph nodes (66 %) [1]. 


2.3.4 Lymphoma 


Lymphoma involvement of the bladder is much 
more often secondary rather than primary. 
Secondary involvement of the bladder is present 
in 10-25% of lymphoma patients [75]. In sec- 
ondary lymphoma, lymphadenopathy in abdo- 
men and pelvis is usually found. It is common in 
middle-aged women with nonspecific urinary 
symptom (hematuria or mass effect). The cell 
type is B-cell mucosa-associated lymphoid tissue 
type or diffuse large B-cell type [75]. Hodgkin 
lymphoma is rare. 

Imaging findings are well-defined bladder 
masses without infiltration (Fig. 2.16) [17]. They 
can mimic TCCs and cannot be differentiated 
from other primary bladder masses [76]. 


2.3.5 Leiomyoma 


Bladder leiomyoma is a benign mass arising from 
the smooth muscle of the bladder and the most com- 
mon benign bladder tumor [76]. Histologically, leio- 
myoma is noninfiltrative smooth muscle tumors 
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Fig. 2.16 Non-Hodgkin lymphoma of the bladder in a 
49-year-old woman. Contrast-enhanced CT scan shows a 
homogeneously enhancing diffuse bladder wall thicken- 
ing (arrows). Note enlargement of the uterus suggesting 
lymphoma involvement (asterisk) 


lacking mitotic activity, cellular atypia, and necrosis. 
It is more common in women [77]. Two third of 
them grow externally, one third internally, and rarely 
grow intramurally [78]. Most are small and asymp- 
tomatic and discovered incidentally. Most of them 
have no symptoms, but sometimes, pressure from 
mass, urinary obstruction, hesitancy, dribbling, and 
hematuria can occur [79]. Although it is a benign 
tumor without malignant potential, histologic evalu- 
ation is needed to exclude possibility of well-differ- 
entiated leiomyosarcoma. They are benign and grow 
noninvasively and focal excision of the mass is the 
treatment of choice. However, sometimes they can 
recur after surgical treatment. At cystoscopy, leio- 
myoma is covered with normal bladder mucosa. 
They are well-circumscribed, solid, homogeneous, 
and smooth mass from the bladder wall. Cystic 
components indicate degeneration. MR imaging is 
superior to CT in characterizing leiomyoma, dem- 
onstrating the submucosal origin of the tumor and 
the preservation of the muscle layer. 

Imaging findings of bladder are similar to 
those of uterine myoma. On T1-weighted image, 
they show iso-signal intensity, and on 
T2-weighted image, they show low signal inten- 
sity (Fig. 2.17). They can show heterogeneous 
high signal intensity on T2-weighted image if 
there are degeneration [79]. They show variable 
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enhancement on contrast-enhanced image, with 
degenerated areas lacking enhancement [17]. A 
pedunculated luminal leiomyoma can be 
differentiated from bladder TCCs in that it has 
low signal intensity on T2-weighted images. A 
preoperative suggestion of leiomyoma is invalu- 
able in alerting the surgeon to benign and pre- 
venting radical cystectomy. 


2.4 Pathologic Consideration 


2.4.1 Urothelial Tumors 


2.4.1.1 Papillary Urothelial Lesion 


Urothelial Papilloma 

Pathologically, urothelial papilloma is exophytic 
papillary mass lined by benign, normal-looking 
urothelium with normal thickness (Fig. 2.18). 
Urothelial lining shows normal polarity, and 
umbrella layer is well developed. Cytologic 
atypia is absent or minimal. Branching of papil- 
lary architecture is minimal. Papillary core of 
urothelial papilloma is thin and slender, but occa- 
sionally is edematous. Most urothelial papillo- 
mas are solitary. 


Inverted Papilloma 

Inverted papilloma is benign urothelial tumor 
showing inverted growth pattern. Grossly 
inverted papilloma is small polypoid lesion with 
smooth surface. Microscopically inverted papil- 
loma reveals invagination of urothelium into sub- 
mucosa with cord or trabecular pattern (Fig. 2.19). 
Cytologic atypia of the urothelium is absent or 
minimal. 


Papillary Urothelial Neoplasm of Low 
Malignant Potential 

Papillary urothelial neoplasm of low malignant 
potential resembles urothelial papilloma but 
shows increased thickness of urothelial layers 
with minimal or no cytologic atypia (Fig. 2.20). 
The polarity of the urothelium is preserved, and 
the umbrella layer is often normally present. 
Papillary core is thin and delicate. Branching and 
complexity of papillae are limited. 
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Fig.2.17 Leiomyoma of the bladder in a 52-year-old man. 
(a) Contrast-enhanced CT images show a homogeneously 
enhancing, soft mass in the lower abdomen (arrow). (b) 
T2-weighted MR image shows low-signal-intensity mass 


Low-Grade Papillary Urothelial Carcinoma 

Low-grade papillary urothelial carcinoma shows 
architectural disorganization and low-grade 
cytologic atypia. Grossly, this tumor is solitary or 
multiple exophytic papillary mass. Micro- 
scopically low-grade papillary urothelial carci- 
noma reveals more complex papillary architecture 
with thickened urothelial layers. Tumor cells also 
show loss of polarity with mild cytologic atypia 
and nuclear size variations (Fig. ). But there 


from the posterior wall of the bladder (arrow). (c) 
T1-weighted MR images shows intermediate signal inten- 
sity mass (arrow). (d) Contrast-enhanced Tl-weighted 
image shows strong enhancement of the mass (arrow) 


is no marked nuclear pleomorphism. Mitotic fig- 
ures are relatively rare. 


High-Grade Papillary Urothelial Carcinoma 

High-grade papillary urothelial carcinoma 
shows more complex architecture than low- 
grade papillary urothelial carcinoma. Tumor 
cells commonly show higher degree of nuclear 
atypia such as nuclear pleomorphism, hyper- 
chromasia, and nuclear enlargement (Fig. J: 
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Fig. 2.18 Urothelial papilloma has fibrovascular core 
lined by normal-looking urothelium with normal thick- 
ness. Umbrella layer is well defined 


Fig. 2.19 Inverted papilloma shows endophytic growth 
of normal-looking urothelium with trabecular architec- 
ture. Overlying urothelium is normal 


Mitoses are frequently observed. Tumor cells 
frequently reveal discohesion and denudation. 
High-grade papillary urothelial carcinoma can 
be admixed with low-grade area. 


2.4.1.2 Fat Urothelial Lesion 


Urothelial Dysplasia 

Urothelial dysplasia is a premalignant lesion with 
poor reproducibility [80-82]. Microscopically, 
urothelial layer shows loss of polarity and cyto- 
logic atypia, but those are not enough to make 
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diagnosis of urothelial carcinoma in situ 
(Fig. 2.23) [81, 82]. 


Urothelial Carcinoma In Situ 

Urothelial carcinoma in situ can be defined as flat 
urothelial lesion composed of malignant urothe- 
lial cells without invasion. Grossly involved uro- 
thelial surface appears to be erythematous or 
edematous. Microscopically, tumor cells show 
high-grade atypia such as nuclear pleomorphism, 
hyperchromasia prominent nucleoli, or nuclear 
enlargement (Fig. 2.24a). Mitosis can be fre- 
quent. Occasionally, cellular discohesion and 
urothelial denudation can be prominent and only 
a few tumor cells can be found in denuded uro- 
thelium. Urothelial carcinoma in situ can be 
divided into several morphologic patterns, such 
as small cell, large cell, clinging (Fig. 2.24b), and 
pagetoid (Fig. 2.24c) [83]. Immunohistochemistry 
for CK20, CD44, and p53 can be helpful to make 
diagnosis of urothelial carcinoma in situ 
(Fig. 2.24d, e) [84]. 


Invasive Urothelial Carcinoma 

Invasive urothelial carcinoma is defined as malig- 
nant urothelial tumor with invasion beneath the 
basement membrane. Invasive urothelial carci- 
noma can be developed from papillary urothelial 
carcinoma or urothelial carcinoma in situ. 
Grossly invasive urothelial carcinoma can be 
papillary, polypoid, or nodular. Microscopically, 
small nests, clusters, or single cells of malignant 
urothelial cells are found in subepithelial stroma, 
proper muscle layer, or perivesical soft tissue 
(Fig. 2.25a). Most invasive urothelial carcinomas 
are high grade. Focal glandular or squamous dif- 
ferentiation can be found in some cases 
(Fig. 2.25b, c) [85-88]. Some variants of urothe- 
lial carcinoma are present. Nested variant is com- 
posed of infiltration of small nests with relatively 
low cytologic atypia (Fig. 2.25d) [89]. 
Plasmacytoid variant consists of malignant uro- 
thelial cells that resemble plasma cells 
(Fig. 2.25e) [90]. Micropapillary variant shows 
small papillary configurations with surrounding 
retracted empty spaces (Fig. 2.25f). This 
micropapillary variant is known to have aggres- 
sive behavior [91, 92]. Sarcomatoid urothelial 
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Fig.2.20 (a) Papillary urothelial neoplasm of low malignant potential has papillary architecture with mildly increased 
branching and hyperplastic urothelial lining. (b) Urothelial layer is increased, but cytologic atypia is minimal 


Fig. 2.21 (a) Low-grade papillary urothelial carcinoma 
shows more complex papillary architectures and thicken- 
ing of urothelial layer with frequent branching and fusion 


carcinoma is urothelial carcinoma having both 
epithelial and mesenchymal differentiation [93]. 
Microscopically, this tumor is composed of uro- 
thelial carcinoma and spindle cell sarcoma or 
other types of sarcoma such as osteosarcoma and 
chondrosarcoma (Fig. 2.25g). 


2.4.2 Nonurothelial Tumors 


2.4.2.1 Squamous Cell Carcinoma 

Squamous cell carcinoma of the urinary blad- 
der is a malignant epithelial neoplasm com- 
posed of pure squamous cell component. One 


of papillae. (b) Mild cytologic atypia and some mitotic 
figures are found 


of the major risk factors is schistosomiasis 
infection [94]. Grossly squamous cell carci- 
noma is often white-tan fungating mass. 
Occasionally nonneoplastic urothelium shows 
white discoloration due to squamous metapla- 
sia (Fig. 2.26a). Microscopic features of squa- 
mous cell carcinoma of the urinary bladder are 
identical to those of squamous cell carcinoma 
of other sites (Fig. 2.26b). Urothelial carcinoma 
component cannot be found in primary squa- 
mous cell carcinoma of the urinary bladder by 
definition. Squamous metaplasia of nonneo- 
plastic urothelium is occasionally found 
(Fig. 2.26c). 
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Fig. 2.22 (a) High-grade papillary urothelial carcinoma shows complex papillary architecture with occasional large 
atypical nuclei. (b) High-power view reveals prominent nuclear pleomorphism and frequent mitotic figures 


Fig. 2.23 Urothelial dysplasia shows mild nuclear atypia 
but not enough to make diagnosis of urothelial carcinoma 
in situ 


2.4.2.2 Urachal Carcinoma 

Urachal adenocarcinoma is an adenocarcinoma 
arising in the urachus. Grossly urachal adenocar- 
cinoma is a protruding mass generally located in 
the dome of the urinary bladder (Fig. 2.27a) [95]. 
Urothelial mucosa is often intact due to its deep 
location in the bladder wall. Microscopically, 
urachal adenocarcinoma shows varying morphol- 
ogy such as enteric, mucinous, or signet ring cell 
adenocarcinoma. Occasionally, urachal remnant 
can be found and its presence is an evidence of its 
urachal origin. Massive mucin production with 
extensive mucin pool is occasionally found 
(Fig. 2.27b). 


2.4.2.3 Metastatic Tumor 

Common origins of metastatic or secondary car- 
cinoma to urinary bladder are prostatic adenocar- 
cinoma, colorectal adenocarcinoma, or carcinoma 
from the gynecologic tract [96]. These tumors 
must be differentiated from primary adenocarci- 
noma of urinary bladder. Immunohistochemical 
staining and history can help the differential 
diagnosis. 


2.4.2.4 Neuroendocrine Tumors 


Carcinoid 

Carcinoid is rarely reported in the urinary bladder. 
Its microscopic features are similar to those of 
other sites [97-99]. Tumor cells have abundant 
cytoplasm with round- to oval-shaped uniform 
nuclei. The nuclei shows finely granular chromatin 
pattern. Tumor cells are arranged in acinar, trabec- 
ular, or pseudoglandular pattern (Fig. 2.28a). 
In immunohistochemical staining, tumor cells 
are positively stained with neuroendocrine 
markers such as synaptophysin and chromogranin 
(Fig. 2.28a). 


Small Cell Carcinoma 

Small cell carcinoma is a rare aggressive 
malignant neuroendocrine neoplasm composed 
of small cells [100]. Its morphology is identi- 
cal to pulmonary counterpart. Microscopically, 
this tumor is composed of nests or sheets of 


Fig.2.24 (a). Tumor cells of urothelial carcinoma in situ 
show large hyperchromatic and pleomorphic nuclei with 
occasional prominent nucleoli. (b) Urothelial carcinoma 
in situ with clinging pattern. (c) Urothelial carcinoma in 


small tumor cells with scanty cytoplasm and 
finely granular nuclear chromatin (Fig. 2.29a). 
Other epithelial malignancy such as urothelial 
carcinoma or squamous cell carcinoma can 
be admixed (Fig. 2.29b). Tumor cells express 
the neuroendocrine markers (Fig. 2.29c). 
Urothelial carcinomas containing small cell 
carcinoma component show more aggressive 
behavior [72]. 


2.4.2.5 Lymphoma 

Primary lymphoma of the urinary bladder is rare. 
MALT lymphoma is the most frequent lymphoma 
of the urinary bladder [75, 101]. Other lymphomas 
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situ with pagetoid pattern. (d, e) CK20 (d) and p53 (e) 
immunohistochemical staining reveal strong positivity in 
urothelial carcinoma in situ cells 


such as Burkitt lymphoma, T-cell lymphoma, or 
Hodgkin lymphoma have been reported. 


2.5 Therapeutic Consideration 


2.5.1 Surgical Treatment of Bladder 
Cancer 


2.5.1.1 Transurethral Resection 

of Bladder Tumor 
Proper endoscopic evaluation and transurethral 
resection are the cornerstones of diagnosis and 
treatment for bladder cancer management. 
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Fig.2.25 Microscopic findings of invasive urothelial car- 
cinoma. (a) Urothelial carcinoma invades into proper 
muscle layer. (b) Glandular differentiation of urothelial 
carcinoma is found in lower half of this photograph. (c) 
Squamous differentiation of urothelial carcinoma is found 


in the center and left lower (arrow). (d—g) Variants of uro- 
thelial carcinoma. (d) Nested variant. (e) Plasmacytoid 
variant. (f) Micropapillary variant. (g) Sarcomatoid 
change of urothelial carcinoma shows malignant spindle 
cells 
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Fig. 2.26 Pathologic findings of squamous cell carci- 
noma of the urinary bladder. (a) Gross photograph of 
squamous cell carcinoma of the urinary bladder shows 
white to tan-colored ulcerofungating mass. Whitish dis- 
coloration of nonneoplastic mucosa of the urinary bladder 
indicating squamous metaplasia (arrow) is widely noted. 
(b) Microscopically well-differentiated squamous cell 
carcinoma invades to submucosa. (¢) Squamous metapla- 
sia (arrow) of mucosa is found adjacent to squamous cell 
carcinoma 


The main goals of TURBT are to obtain adequate 
tissue specimens for pathologic examination and 
to achieve a complete resection with removal of 
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all macroscopic visible tumor tissue and of asso- 
ciated CIS, if present [102]. Muscle should be 
included in the specimen for accurate staging. 

Before endoscopy, with the patient fully 
anesthetized, a bimanual examination should 
be performed. The surgeon should estimate 
the size and number of tumors and should 
determine the position of tumors in reference 
to the bladder neck and ureteral orifices. The 
configuration of visible lesion is also impor- 
tant, and a determination should be made as to 
whether they are papillary or sessile, broad- 
bases, or pedunculated. Low-grade, low-stage 
(Ta) tumors appear papillary and frondular, 
with a stalk and normal surrounding urothe- 
lium. For tumors that may be high-grade or 
invasive (T1-T3), adequate resection is needed 
to obtain lamina propria and muscle. These 
tumors may appear nodular, sessile, or ulcer- 
ated. Areas of bladder mucosa remote from the 
tumor should be examined carefully for 
changes suggestive of CIS, which is generally 
described as a velvety erythematous area [103, 
104]. The area of erythema suspicious for CIS 
can be sampled by cold cup biopsy. Blood 
from a ureteral orifice or tumors surrounding 
the orifice may be an indication for upper uri- 
nary tract evaluation. 


2.5.1.2 Partial Cystectomy 

The primary advantages cited in the use of partial 
cystectomy in the treatment of patients with blad- 
der cancer include a full-thickness resection of 
cancerous tissue with adequate margins and a 
capability to sample regional nodal tissue while 
retaining physiologic bladder function, conti- 
nence, and potency [105]. The primary disadvan- 
tage is the historically high local recurrence rate 
for this procedure. 

The full-thickness segment of a bladder wall 
and tumor with adjacent perivesical fat is sent 
for frozen section pathologic inspection to ver- 
ify tumor-free margins. The tumor is excised 
with a 2-cm margin. The tumor can be excised 
in a robotic and laparoscopic approach. A bilat- 
eral pelvic lymph node dissection should be 
performed. 
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Fig.2.27 (a) Grossly urachal carcinoma is a protruding mass located in the dome of the urinary bladder in this partial 
cystectomy specimen. (b) Microscopically, this tumor is adenocarcinoma with profound mucin production 


A. 


Fig. 2.28 (a) A case of carcinoid tumor of the urinary bladder shows trabecular pattern. (b) Tumor cells express 


synaptophysin 


2.5.1.3 Radical Cystectomy 

with Urinary Diversion 
Radical cystectomy is the treatment of choice for 
high-risk, recurrent, noninvasive bladder cancer 
as well as muscle-invasive bladder cancer. 


Pelvic Lymph Node Dissection 

Although the diagnostic and the therapeutic value 
of PLND have clearly been established, there is 
still debate about the optimum extent. Bilateral 
pelvic lymph node dissection is performed by 
removing all fibrous, fatty, and lymphatic tissue 
from an area bordered laterally by the genitofem- 
oral nerve and medially by the bladder wall. An 
extended LND basically reaches the aortic 


bifurcation, and a superextended LND extends to 
the level of the inferior mesenteric artery [106]. 
Robotic and laparoscopic lymphadenectomy 
is started with lateral freeing of the external iliac 
vessels. The obturator fossa is entered and the 
obturator nerve is visualized. The superficial and 
deep obturator fossa is completely freed from all 
lymphatics and fatty tissue (Fig. 2.30). 


Radical Cystectomy in Male Patients 

The ureters are divided where they cross the iliac 
vessels. The dorsomedial pedicle is resected 
along the pararectal and presacral plane on the 
tumor-bearing side. The first major branch off 
the anterior surface of the hypogastric artery is 
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Fig.2.29 (a) Small cell carcinoma of the urinary bladder 
is morphologically identical to those of other sites such as 
the lung. (b) Small cell carcinoma (left side, arrow) can be 


Fig.2.30 Laparoscopic pelvic lymph node dissection; last 
stage of the lymphadenectomy. Careful diathermy at the base 
of the obturator fossa is necessary to ensure hemostasis 


the obliterated umbilical artery/superior vesical 
branch. On this side, the dissection along the dor- 
solateral wall of the seminal vesicle is stopped at 


admixed with conventional urothelial carcinoma (right 
side). (€) Small cell carcinoma expresses neuroendocrine 
markers such as synaptophysin 


the base of the prostate. Santorini’s plexus is then 
divided, and the membranous urethra is tran- 
sected as close as possible to the apex of the pros- 
tate by excavating it out of the donut-shaped 
apex. When an orthotopic bladder substitution or 
potency-sparing approach is being performed, 
meticulous dissection of the prostate apex is par- 
ticularly important. 

Robotic and laparoscopic radical cystectomy 
is an attractive minimally invasive alternative to 
conventional open radical cystectomy, as it dupli- 
cates the open technique, yet is associated with 
decreased blood loss, and possibly better patient 
recovery [106]. 

The posterior peritoneum is incised, and then 
the plane between seminal vesicles and the anterior 
surface of the rectum is developed. Continued dis- 
section brings the posterior layer of Denonvilliers’ 
fascia, which reveals the prerectal fat posterior to 
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Fig.2.31 Laparoscopic posterior dissection; prerectal fat 
posterior to the prostate. With this maneuver, a window is 
developed encompassing the dorsal aspect of the prostate 


the prostate. Blunt dissection is used to develop the 
rectovesical cul-de-sac (Fig. 2.31). 

The space between the bladder and the lateral 
pelvic wall is developed bluntly. The lateral ped- 
icles are clearly identified. The lateral pedicles 
are divided down to the endopelvic fascia. The 
endopelvic fascia is incised down to the region of 
the dorsal vein complex. 

The levator muscle fibers are gently pushed 
away from the lateral side of the bladder. After 
exposing the anterior surface of the prostate, the 
superficial dorsal vein is coagulated, and the 
puboprostatic ligaments are divided. The dorsal 
vein complex is identified and transected with a 
laparoscopic endovascular GIA. The membra- 
nous urethra is transected with cold endoshears. 


Radical Cystectomy in Female Patients 
Radical cystectomy in women implies the en bloc 
removal of the pelvic organs anterior to the rec- 
tum, including the bladder, urachus, ovaries, fal- 
lopian tubes, uterus, cervix, vaginal cuff, and 
anterior pelvic peritoneum. Performing the LND 
before cystectomy can facilitate identification 
and dissection of the vesical and uterine vessels 
later during surgery [107]. 

The ureters are mobilized and divided below 
the iliac bifurcation. The vagina is opened circum- 
ferentially at the cervical insertion after incising 
the peritoneum in the pouch of Douglas. In an 
organ-preserving approach, the peritoneal incision 
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Fig. 2.32 Female radical cystectomy; circumferential 6 
urethral sutures. In this organ-preserving approach, it is 
necessary to carefully dissect along the anterolateral vagi- 
nal wall and then close to the bladder neck distally, to 
spare the paravaginal tissue containing autonomic nerve 
fibers. Note the generous stump length of urethra to facili- 
tate anastomosis to neobladder neck 


is carried through the vesicouterine pouch (rather 
than the pouch of Douglas). It is usually no prob- 
lem to enter the dissection plane between the ante- 
rior vaginal wall and bladder [108]. If an orthotopic 
bladder substitution is planned, it is important to 
spare the distal 1-3 cm of anterior vaginal wall to 
avoid the formation of urethro-vesical fistula 
[107]. To prevent fistula formation, a tubularized 
omental flap may be interposed between the ante- 
rior aspect of the vagina and the anastomosis of the 
urethra and the neobladder. The dorsal vein is 
ligated and divided. The endopelvic fascia is 
incised immediately lateral to the posterior urethra 
at the urethral vesical junction. If an orthotopic 
bladder substitution is planned, careful dissection 
around the bladder neck is paramount to preserve 
autonomic nerve fibers supplying the remnant ure- 
thra. Six urethral sutures are then placed circum- 
ferentially (Fig. 2.32). The urethra is reanastomosed 
in a tension-free, mucosa-to-mucosa fashion to the 
neobladder at the end of the procedure. 


Urinary Diversion 

Most surgeons favor construction from ileum 
because it affords greater compliance [109]. Four 
methods of urinary diversion are used after cys- 
tectomy: incontinent cutaneous, continent cuta- 
neous, orthotopic, and rectosigmoid diversions. 
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Fig. 2.33 Construction of the reservoir; folded bottom of 
U. This effectively creates a low-pressure spherical shaped 
reservoir 


Laparoscopic and robot-assisted laparoscopic 
intracorporeal construction of urinary diversion 
is feasible but is currently considered experimen- 
tal because of the limited number of cases 
reported, the absence of long-term oncologic and 
functional outcome data, and a possible selection 
bias [110]. In our institute, ileal conduit and 
orthotopic neobladder have been generally used. 
Construction of an ileal conduit or neobladder is 
performed through a 7 cm midline incision. We 
describe a simple method to construct an ileal 
conduit and orthotopic neobladder. 


2.5.1.4 Ileal Conduit 

The ileal segment 15 cm long is selected, beginning 
about 15 cm from the ileocecal valve and bowel 
continuity is restored. The ureteroileal anastomosis 
is performed at the proximal end of loop. A 2.5 cm 
hole is cut into the skin at the predetermined stoma 
site. The subcutaneous tissue and fat are incised 
down to the fascia. A cruciate incision is made in 
the rectus fascia. Four fascial sutures are placed 
from each quadrant of the fascia to the serosa of the 
bowel. The rosebud nipple is created by everting the 
intestinal mucosa and suturing the serosa of the 
bowel to the fascia and subcuticular skin. 


2.5.1.5 Ileal Neobladder (Studer Type) 

An ileal segment 45 cm long is isolated approxi- 
mately 20 cm proximal to the ileocecal valve. 
The ureters are split and anastomosed by two 
running sutures using the Nesbit technique in an 
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open end-to-end fashion to the proximal 
unopened part of the ileal segment to form the 
afferent tubular segment, which is 15 cm long. 
The bottom of the U is folded over between the 
two ends of the U (Fig. 2.33), thus resulting in a 
spherical reservoir consisting of four cross-folded 
ileal segment. The most dependent portion of the 
reservoir is the midway point on the right side. 
This will form the new bladder neck. Rotate the 
pouch 90° counterclockwise so that the new blad- 
der neck aligns with the urethra. 


2.5.2 Surgical Treatment of Upper 
Tract Carcinoma 


Upper tract (UT) urothelial carcinomas (UC) are 
uncommon and account for only 5-10 % of UCs 
[111]. UTUCs that invade the muscle wall usu- 
ally have a very poor prognosis. The 5-year 
cancer-specific survival is <50% for pT2/pT3 
and <10% for pT4 [112, 113]. Radical nephro- 
ureterectomy (RNU) with bladder cuff excision 
remains the gold standard treatment for 
UTUC. However, endoscopic advancements 
have achieved favorable treatment outcomes and 
renal preservation rates in selected cases [114]. 


2.5.2.1 Radical Nephroureterectomy 
(RNU) 

RNU consists of the removal of the entire kidney 
and ureter, along with excision of the ipsilateral 
bladder cuff [115]. It can be performed through a 
single midline incision, thoracoabdominal 
incision, or flank incision in conjunction with 
a Gibson or Pfannenstiel for removal of the 
bladder cuff. Excision of the bladder cuff is man- 
datory in invasive or high-risk noninvasive 
UTUC. Although a variety of techniques have 
been described for the management of the blad- 
der cuff, it is imperative that complete removal is 
performed. During surgery, care has to be taken 
to avoid tumor spillage or positive surgical mar- 
gins [116] 

Laparoscopic RNU has emerged as minimally 
invasive alternative to open RNU, with advan- 
tages in terms of less blood loss, shorter length of 
hospital stay, and shorter convalescence. Modern 


2  Urothelial Tumors 


variants of the laparoscopic approach include 
hand-assisted RNU, robotic-assisted laparo- 
scopic RNU, retroperitoneoscopic RNU, and 
laparoendoscopic single-site RNU [117]. 

The patient is positioned in the usual nephrec- 
tomy position. Laparoscopic RNU is commended 
with a transperitoneal approach with pots posi- 
tioned. After mobilization of the colon, the hilar 
anatomy is delineated before renal pedicle con- 
trol. Hilar control is achieved using an Endo-GIA 
universal stapler. The kidney is then isolated with 
combination of cautery and blunt dissection. 
Bladder cuff excision is performed through a 
lower abdominal incision. 

Recently, the da Vinci™ robot system (Intuitive 
Surgical, Sunnyvale, CA, US) was introduced to 
perform laparoscopic operations more easily by 
reducing the technical difficulty of intracorporeal 
suturing. In addition, the extra degrees of freedom 
and articulation of the robotic wrists make the iso- 
lation of the distal ureter and bladder closure less 
technically challenging [118]. 

The ureter is carefully dissected over the iliac 
vessels and down to the bladder. The detrusor 
muscle is identified and dissected until the blad- 
der mucosa is tenting, allowing a wide margin of 
bladder cuff to be exposed. The cuff is dissected 
and removed, en bloc, along with the kidney and 
ureter (Fig. 2.34). The bladder is closed by run- 
ning sutures in a watertight fashion with full- 
thickness closure of the defect. 

In patients with clinically infiltrating UTUC, 
regional lymph node dissection (LND) is consid- 
ered a part of the procedure [115]. As patients 
with histologically confirmed lymph node- 
negative UTUC exhibit improved survival com- 
pared with those with lymph node-positive 
disease [119], the diagnostic significance of LND 
is beyond question. However, the therapeutic role 
of LND at RNU and the appropriate extent of 
LND according to primary tumor location are not 
well defined [120]. 


2.5.2.2 Ureteroscopy 

Evaluation of suspected UTUC includes imag- 
ing, urine cytology, and cystoscopy to rule out 
concomitant bladder tumors. However, the most 
accurate technique for diagnosis of UT lesions 
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Fig. 2.34 Robot-assisted laparoscopic bladder cuff exci- 
sion. Note the bladder cuff resected by en bloc circumfer- 
ential excision 


has been ureteroscopy with biopsy. The most 
commonly used biopsy devices are biopsy for- 
ceps and stainless steel flat wire basket. 
Ureteroscopic biopsies can determine tumor 
grade in 90% of cases with a low false-negative 
rate regardless of the size of the sample [121], 
although sampling sufficient tissue for pathologic 
evaluation remains challenging. 

Conservative management of UTUC can be 
considered in imperative or elective cases for 
low-grade, low-stage tumors [115]. The principal 
advantage of ureteroscopy is its low morbidity 
while maintaining urothelial integrity [122]. 
Available management options can include 
mechanical debulking (forceps or basket), elec- 
trofulguration, electroresection, laser photocoag- 
ulation, or ablation [123]. Narrow caliber flexible 
holmium: YAG and neodymium: YAG laser fibers 
permit ureteroscopic ablation of tumors using 
either rigid or flexible instruments while main- 
taining adequate hemostasis [124] 


2.5.2.3 Segmental Resection 

Segmental ureteral resection provides adequate 
pathologic specimens for definitive staging and 
grade analysis while preserving the ipsilateral 
kidney [115]. Complete distal ureterectomy and 
neocystostomy are indicated for noninvasive 
low-grade tumors in the distal ureter that cannot 
be removed completely by endoscopic means and 
for high-grade locally invasive tumors [125, 126]. 
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Robot and laparoscopic procedures can also 
be properly used for treatment of tumors of the 
distal ureter. A transverse curvilinear incision is 
made on the anterior wall of the bladder. A 
suture is placed through the psoas tendon and 
then through the most superior and ipsilateral 
portion of the bladder. Next, the ureter is spatu- 
lated to prepare for the ureteroneocystostomy. 
To create an anti-refluxing anastomosis, the 
bladder mucosa is dissected off. The anastomo- 
sis is completed. 


2.5.3 Radiation Therapy 


Radiotherapy has been used for the treatment of 
muscle-invading transitional cell carcinoma 
(TCC) in the bladder. Along with concurrent 
chemotherapy, RT is an important component of 
bladder preservation treatment. Selecting 
patients for bladder preservation requires metic- 
ulous clinical staging by TURB and imaging 
studies to rule out node-positive or metastatic 
diseases. CT of abdomen and pelvis is manda- 
tory to evaluate bladder cancer. Accurate defini- 
tion of target volume is crucial for RT. Bladder 
map by urologists and CT/MRI provide impor- 
tant information on tumor spread in the bladder. 
Any extravesical tumor extension suspected or 
documented on CT/MRI images should guide 
target volume definition. Any bladder-specific 
imaging studies, if possible, should be performed 
before TURB to avoid postsurgical changes. 
After bladder preservation treatment, CT or MRI 
scanning as well as cystoscopy should be per- 
formed regularly lest salvage cystectomy is 
delayed if needed. 


2.6 Chemotherapy in Advanced 
Urothelial Carcinoma 
2.6.1 Introduction 


The standard treatment for muscle-invasive blad- 
der cancer (MIBC) is radical cystectomy (RC) 
combined with pelvic lymph node dissection. 
However, despite the improvement of surgical 
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skill such as orthotopic neobladder formation, 
long-term survival after radical surgery is not 
enough to high. In cases of pT3/T4 or lymph 
node-positive disease, 5-year overall survival 
rate after RC shows from 25 to 35 %. In addition, 
about half of patients undergoing RC may 
develop distant metastasis, which is finally 
attributed to death from bladder 
Therefore, to early control micrometastatic dis- 
ease at the time of surgery, it may be considered 
to conduct preoperative (neoadjuvant) or postop- 
erative (adjuvant) chemotherapy in high-risk 
MIBC patients [110]. 


cancer. 


2.6.2 Chemotherapy Regimens 


2.6.2.1 Single-Agent Chemotherapy 
Urothelial carcinoma (UC) is known to be mod- 
erately chemosensitive tumor. However, the over- 
all response rate (RR) to single chemotherapeutic 
agent seems to be generally poor. Cisplatin, most 
commonly used single agent, shows approxi- 
mately 17% RR. In case of carboplatin, RR only 
ranges from 12 to 14% in a phase II trial [127]. 
Other agents, such as ifosfamide, lobaplatin, 
trimetrexate, gemcitabine, and taxanes (pacli- 
taxel and docetaxel), has been suggested as pos- 
sible single chemotherapeutic agents for bladder 
cancer. However, compared to combination che- 
motherapy, single-agent chemotherapy shows 
lower RR (10~30%), rare complete remission. 
Therefore, single-agent chemotherapy should be 
only considered in MIBC patients who cannot 
receive combination chemotherapy owing to 
poor general performance status. 


2.6.2.2 Combination Chemotherapy 

In advanced UC, combination chemotherapy 
has been reported to be superior to single-agent 
chemotherapy in terms of clinical response and 
survival benefit. In particular, among cisplatin- 
based combination chemotherapy regimens 
(Table 2.1), MVAC (methotrexate, vinblastine, 
adriamycin, cisplatin) and GC (gemcitabine, 
cisplatin) are recommended as the first-line che- 
motherapeutic regimens according to current 
guidelines [128]. 
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MVAC Regimen 

The MVAC regimen was developed at the 
Memorial Sloan Kettering Cancer Center 
(MSKCC) in 1983, and the first preliminary 
results were published in 1985 [129]. This phase 
II study reported a 71% overall response rate 
(CR 36%). The efficacy of the MVAC regimen 
has been evaluated subsequently in several ran- 
domized studies and found to be superior to 
single-agent cisplatin [127] and combination 
chemotherapy with cisplatin, cyclophospha- 
mide, and doxorubicin (CISCA) [130] and also 
methotrexate, carboplatin, and vinblastine 
(MCAVI) [131]. In these phase III studies, the 
overall response for MVAC regimen has varied 
between 39 and 65 %, with median survivals up 
to 16 months [127, 130, 131]. Therefore, che- 
motherapy using MVAC regimen has been con- 
sidered as the “gold standard” in chemotherapy 
for advanced bladder cancer for a number of 
years. However, administration of MVAC may 
be limited due to severe toxicity and poor long- 
term survival outcome and therefore is not 
appropriate for all patients with advanced blad- 
der cancer. The most significant side effects 
(grades 3 and 4) include myelosuppression 
(anemia, neutropenia, and thrombocytopenia), 
mucositis, alopecia, nausea, vomiting, infec- 
tion, and diarrhea. MVAC-induced toxicity- 
related mortality rates range from 2 to 4% 
[132]. In order to minimize severe toxicity and 
improve poor long-term survival associated 
with conventional MVAC regimen, high-dose- 
intensity MVAC (HD-MVAC) regimen, which 
simultaneously administers both MVAC and 
G-CSF or GM-CSF, is devised. According to 
phase III trial of EORTC genitourinary group, 
HD-MVAC supported with G-CSF has been 
compared with conventional MVAC in 263 
patients [133]. The reported response rates were 
better for the HD-MVAC, with overall response 
rates of 61% versus 50%. The complete and 
partial response rates were 21% and 55% for 
HD-MVAC versus 9% and 41% for conven- 
tional MVAC, respectively. Interestingly, there 
was no Statistically significant difference in sur- 
vival or time to progression, though progres- 
sion-free survival was superior in the high-dose 
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arm. The toxic death rates were comparable, 
being 3% for HD-MVAC versus 4% for con- 
ventional MVAC. 


GC Regimen 

Cisplatin has been demonstrated to have a syner- 
gistic interaction with gemcitabine [134], and GC 
regimen has been shown to be safe and effective 
in the treatment of advanced urothelial carcinoma 
[135-137]. Von der Maase et al. compared GC 
regimen with conventional MVAC regimen as 
first-line therapy in a multicenter randomized 
phase III trial, comparing six cycles of each of 
the regimens, given to 405 patients with T4b and/ 
or node-positive and/or distant metastatic dis- 
ease. At a median follow-up of 19 months, the 
regimens were not statistically different in terms 
of overall survival, time to disease progression, 
or response rate. However, GC regimen was 
superior in terms of tolerability and effects on 
quality of life. In particular, GC resulted in a 
lower incidence of treatment-related mortality 
and fewer episodes of complicated myelosup- 
pression, oral mucositis, and alopecia (resulting 
in fewer dose adjustments) and lesser effects on 
weight, performance status, and fatigue [137]. As 
a result, GC regimen is now widely considered to 
be a (second) standard of care, along with MVAC, 
for patients with advanced bladder cancer. 
Certainly, the GC regimen is now employed at 
many institutions as first-line therapy. 


Carboplatin-Based Chemotherapy 

The single-agent data favor cisplatin in terms of 
activity, but the administration of cisplatin is 
associated with nephrotoxicity. Carboplatin 
shows lower toxicity profiles relative to cisplatin. 
Therefore, carboplatin-based combination regi- 
mens have the advantage of being suitable for 
patients with renal impairment. In an analysis of 
66 evaluable patients in a randomized phase II 
trial of cisplatin/gemcitabine versus carboplatin/ 
gemcitabine, a response rate of 66% in patients 
treated with cisplatin/gemcitabine compares 
favorably with a response rate of 35 % for carbo- 
platin/gemcitabine, with similar toxicity profiles 
[138]. Based on previous studies, carboplatin- 
based combination chemo-regimen should be 
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considered only in advanced UC patients who are 
inappropriate for the use of cisplatin. 


2.6.3 Timing of Chemotherapy 


2.6.3.1 Neoadjuvant Chemotherapy 
(NACH) 

Advantages of NACH prior to RC are that chemo- 
therapy is delivered when the burden of micromet- 
astatic disease is low and chemosensitivity can be 
better observed; in addition, tolerability of chemo- 
therapy is expected to be better before cystectomy 
than after. Indeed, responders to NACH, especially 
complete responders, show a significantly 
improved OS [139]. However, overtreatment of 
nonresponders and overtreatment of patients with- 
out micrometastases remain major limitations, and 
delayed cystectomy in nonresponders might com- 
promise final outcome. Unfortunately, molecular 
profiling of the tumor is not yet able to identify 
responders. Also, imaging during treatment does 
not allow firm conclusions about response [140]. 
Another disadvantage is that only clinical staging 
is available in case of NACH, with known limita- 
tions of staging accuracy in 70 % of patients [141] 
and staging errors more common in cT2 tumors 
than in cT3—4 tumors. Even if this situation is a 
potential problem, there is no negative impact of 
NACH on the percentage of performable cystecto- 
mies. In the combined Nordic trials (7=620), cys- 
tectomy frequency was 86% in the NAC arm and 
87% in the control arm. [142] Three meta-analy- 
ses were conducted to determine the survival 
advantage of NACH [143-145]. All three meta- 
analyses showed an increase in OS of 5%. Of 
note, only combinations with cisplatin resulted in 
a meaningful benefit [143, 144]. A recent update 
of the largest trial, with a median follow-up of 
8 years, confirmed an improvement in 10-year sur- 
vival from 30 to 36% with neoadjuvant cisplatin, 
methotrexate, and vinblastine but without any 
locoregional benefit [146]. 


2.6.3.2 Adjuvant Chemotherapy (ACH) 

Advantages ACH following RC include the avail- 
ability of accurate pathologic staging, which 
implies that treatment can be reserved for 


H.J. Choi et al. 


high-risk patients (extravesical and/or node-posi- 
tive disease), and no delay in local surgical treat- 
ment in patients who are not sensitive to 
chemotherapy. Disadvantages include the 
absence of a measurable tumor and a delay of 
chemotherapy because of postoperative morbid- 
ity. Data on ACH are limited, with five published 
randomized trials with several limitations and 
one meta-analysis with only 491 patients [147]. 
In all, the data are not convincing enough to pro- 
vide an unequivocal recommendation for the use 
of immediate adjuvant chemotherapy as com- 
pared with chemotherapy at the time of relapse. 


2.6.4 Conclusions 


Bladder cancer is a moderately chemosensitive 
disease, and a role for combination chemotherapy 
in improving disease-free survival in patients with 
advanced disease and good performance status is 
now well established. In patients with good renal 
function, regimen should be cisplatin-based com- 
binations. For those not considered suitable for 
cisplatin-containing regimens, chemotherapy may 
be based around carboplatin or newer agents. 
Cisplatin-based combination NACH has been 
demonstrated in several meta-analyses to improve 
survival in advanced MIBC. Therefore, the use of 
cisplatin-based NACH is currently recommended 
as the standard of care in patients with advanced 
MIBC (T2-T4). Whereas ACH in bladder cancer 
is controversial because neither randomized trials 
nor a meta-analysis has provided sufficient data to 
support the routine use of adjuvant chemotherapy. 
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3.1 Introduction 

Prostate cancer is the second most frequently 
diagnosed cancer worldwide and the sixth leading 
cause of cancer death in men, accounting for 14% 
of total new cancer cases and 6% of total cancer 


H.J. Lee (Dx) 
Department of Radiology, Seoul National University 
Bundang Hospital, Seoul National University College 
of Medicine, Gyeonggi-do, Republic of Korea 
e-mail: hakjlee @snu.ac.kr 


J.Y. Cho (È<) 

Department of Radiology, Seoul National University, 
Seoul, Korea 

e-mail: radjycho @snu.ac.kr 


G.J. Cheon 

Department of Nuclear Medicine, Seoul National 
University Hospital, Seoul National University 
College of Medicine, Seoul, Republic of Korea 


C. Kwak ¢ H.S. Kim 

Department of Urology, Seoul National University 
Hospital, Seoul National University College of 
Medicine, Seoul, Republic of Korea 


J.H. Kim 

Department of Radiation Oncology, Seoul National 
University Hospital, Seoul National University 
College of Medicine, Seoul, Republic of Korea 


© Springer-Verlag Berlin Heidelberg 2017 


Prostatic Tumors 


Hak Jong Lee, Jeong Yeon Cho, Gi Jeong Cheon, 
Cheol Kwak, Hyung Suk Kim, and Jin Ho Kim 


deaths [1]. In Europe and America, prostate can- 
cer is the most common neoplasm occupying 
about two or three times more than lung and 
colorectal cancer [2, 3]. The cancer shows highest 
prevalence in men occupying 417,000 cases and 
22.8 % of all incidental cases in Europe [4]. 

According to the reports from National Cancer 
Institute in the United States, the number of new 
cases of prostate cancer in 2014 was 233,000 
patients, and the number of deaths due to prostate 
cancer is 29,480 [5]. For the diagnosis of prostate 
cancer, one million prostate biopsies are per- 
formed annually in United States [6]. About one 
in seven men is affected by the disease during his 
lifetime [7]. The incidence of prostate carcinoma 
increases with age, and in autopsy studies, 71 % 
of men between 80 and 89 years have latent pros- 
tate carcinoma [8]. The incidence is still rising as 
well as Asian countries including Japan and 
Korea. In Korea, the incidence was increased 
seven times during recent 10 years [9]. 

The most common tools for the diagnosis of 
prostate cancer are serum prostate-specific anti- 
gen (PSA) level measurement and physical 
examination by digital rectal examination (DRE) 
[10, 11]. However, DRE has a very low positive 
predictive value and a low interobserver agree- 
ment among clinicians [12]. When prostate can- 
cer is suspected with elevated PSA levels and 
abnormal DRE, transrectal ultrasound (TRUS)- 
guided biopsy is needed for confirmation of 
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cancer. Magnetic resonance imaging (MRI) is an 
alternative assessment technique that has been 
shown to be highly accurate for the detection of 
clinically significant prostate cancer as well as 
tumor staging. 

The mortality of prostate cancer has been 
declining due to early diagnosis and improve- 
ments in treatment techniques [1]. The prognosis 
of patients with prostate cancer depends on sev- 
eral factors including disease extent, histological 
aggressiveness, Gleason score, and PSA [13]. It 
has been estimated that about 50 % of the asymp- 
tomatic men, in whom prostate cancer is detected 
by prostate biopsy following PSA measurement, 
do not require active treatment [7]. 


3.2 Anatomy 

A clear understanding of the prostatic anatomy is 
very important for adequate interpretation of 
imaging studies and helps the clinical communi- 
cations with referring urologists [14]. The vol- 
ume of normal prostate ranges from 18 to 20 ml. 
The shape of prostate is very similar to inverted 
cone on coronal images. On coronal images, the 
prostate is divided into base, midgland, and apex. 
The apex and base refer to the most caudal and 
cranial aspects of the prostate, respectively. The 
prostate is surrounded by bladder ventrally and 
by seminal vesicles dorsally. The urogenital dia- 
phragm surrounds the inferior border of prostate. 
The prostate is separated from the rectum poste- 
riorly by fascia known as Denonvillier’s fascia. 
The Santorini plexus of veins and the pubic sym- 
physis border the prostate anteriorly. The lateral 
border of prostate is surrounded by levator ani 
and obturator internus muscles. 

The prostate is two components: glandular 
and nonglandular components. The nonglandu- 
lar components include anterior fibromuscular 
stroma and prostatic urethra. The anterior 
fibromuscular stroma is located anterior to the 
urethra. The proximal part of the prostatic ure- 
thra begins from prostate base and meets 
bilateral ejaculatory ducts at verumontanum. 
The ejaculatory ducts are originated from 
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inferomedial aspect of the seminal vesicle and 
extend within the midline of the peripheral 
zone. The preprostatic and distal prostatic 
sphincters are largely responsible for urinary 
continence. The distal sphincter starts from the 
prostate apex and continues through the uro- 
genital diaphragm [15]. 

The glandular components of the prostate 
include peripheral zone, central zone, transition 
zone, and periurethral glandular tissues (Fig. 3.1). 
The peripheral zone occupies about 70% of the 
prostate in young males. It surrounds the postero- 
lateral aspect of the prostate and extends to the 
anterior fibromuscular stroma anterolaterally. 
Seventy to 75% of prostate cancers arise in the 
peripheral zone. Because there is much water 
content, the peripheral zone shows high signal 
intensity in T2-weighted image of prostate MR. 

The central zone is located in the upper ante- 
rior portion of the peripheral zone and surrounds 
the ejaculatory ducts. The central zone occupies 
about 20-25 % of the prostate. The immunohisto- 
logic features in central zone is quite different 
from the remaining part of the prostate. The rea- 
son is thought that the central zone is originated 
from the Wolffian duct, not urogenital sinus. 

The transition zone occupies about 5% of 
total prostate. As benign prostate hyperplasia 
(BPH) develops, the transition zone becomes the 
predominant components. The enlarged transi- 
tion zone condenses the surrounding central zone 
into a thin rim. This rim serves as the pseudocap- 
sule used as the plane for surgical treatment of 
BPH. BPH nodules very often demonstrate a 
thin, well-defined rim of low T2 signal intensity. 
Lack of this capsule has been described as a sign 
associated with central-gland cancers. 

The periurethral glandular tissue represents 
less than | % of the volume of the prostate. 

The signal characteristics of BPH on 
T2-weighted MR imaging are largely related to 
the composition of the BPH nodules. The BPH 
nodules with predominantly stromal and collagen 
components show hypointense signal intensity, 
and highly glandular BPH nodules show high 
signal intensity on T2-weighted MR image 
(Fig. 3.2). 
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Fig. 3.1 Schematic drawing of prostate. Sagittal (a) and 
coronal (b) schematic drawings of prostate show ante- 
rior fibromuscular stroma (A), transitional zone (T), cen- 
tral zone (C), and peripheral zone (P). The upper part of 
prostatic urethra is surrounded by transitional zone and 
central zone, and the lower part of prostatic urethra is 
surrounded by peripheral zone. (c) Schematic drawing 


The seminal vesicles are paired lobulated 
glands found immediately superior and posterior 
to the prostate base. They can be well demon- 
strated on axial and coronal T2-weighted MR 
images. The seminal vesicles have elongated, 
multi-septated, and fluid-filled structures mim- 
icking bundle of grapes (Fig. 3.3). 


from posterior aspect of prostate shows seminal vesicle 
(S), vas deferens (V), and ampullary portion of vas defer- 
ens (A). Vas deferens forms ampullary portion with com- 
munication of seminal vesicle and connects ejaculatory 
duct (£). The ejaculatory duct communicates with pros- 
tatic urethra on verumontanum 


33 US 


3.3.1 Conventional US 

For the ultrasound evaluation of the prostate, 
transrectal, transabdominal, and transperineal 
approaches are possible; however, TRUS is the 
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most common method for evaluation of prostate 
due to high image quality. It provides excellent 
images of the gland, its boundaries, the adjacent 
bladder, seminal vesicles, and anterior rectal wall 
(Figs. and 3.5). 

The main purposes of TRUS are calculating 
prostate volume; evaluating prostate, BPH, and 
prostatitis; and seeking the etiology of male 
infertility. Besides prostate evaluation, TRUS 
can be also used to evaluate the seminal vesi- 
cle, vas deferens, bladder, distal ureter, and 
urethra and to find out the etiology of 
hematospermia. 


Fig. 3.2 MR imaging of benign prostate hyperplasia 
(BPH). T2-weighted axial image shows well-marginated 
low signal intensity lesion replaced transitional zone 
(arrows) 
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TRUS-guided procedures such as TRUS- 
guided biopsy or drainage are also commonly 
used. In case of lower urinary tract symptom, the 
evaluation of prostate volume is important for the 
diagnosis of BPH. The prostate volume is easily 
obtained by prolate ellipse volume calculation 
(x/6 x transverse diameter x anteroposterior diam- 
eter x longitudinal diameter). Transverse diame- 
ter and anteroposterior diameter can be commonly 
obtained from axial TRUS scan, and longitudinal 
diameter can be obtained from sagittal scan. 

Typically the prostate gland is scanned in the 
axial plane, from the apex to the base (Fig. 3.4). 
The seminal vesicles are identified bilaterally, 
using an oblique sagittal view that also demon- 
strates the ampulla of the vas deferens (Fig. 3.5) 
[14]. In normal prostate, the peripheral zone 
shows high echogenicity and is routinely distin- 
guished from the central gland, which is typically 
hypoechoic and heterogeneous owing to BPH 
(Fig. 3.6). Prostate cancer is characteristically 
identified as a round or oval focus of low echo- 
genicity in the peripheral zone (Fig. ); 
however, they may be isoechoic or hyperechoic 
[16, 17]. 

About 37-50% of cancers are isoechoic or 
only slightly hypoechoic when compared with 
the peripheral zone [18]. The positive predictive 
value of the biopsy of a peripheral hypoechoic 
lesion is 25-30 % [16]. The differential diagnosis 


in evaluating the low echoic focal lesion includes 


Fig.3.3 Normal appearance of seminal vesicle on MR. T2-weighted axial (a) and coronal (b) image shows elongated, 
multiseptated, fluid-filled structures mimicking bundle of grapes 
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Fig. 3.4 Normal transrectal ultrasound (TRUS) findings 
of prostate. Transrectal axial (a) and sagittal (b) image 
show normal anatomy of prostate. The peripheral zone 
(PZ) shows relatively homogenous slightly high echo- 
genicity, whereas the central zone (C) shows relatively 
heterogeneous and low echogenicity 


Fig.3.5 Normal TRUS findings of seminal vesicle. Axial 
TRUS image reveals bundle of grapes appearance repre- 
senting seminal vesicle 
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Fig. 3.6 TRUS findings of benign prostate hyperplasia 
(BPH). TRUS image shows round low echoic area sug- 
gesting benign prostate hyperplasia (BPH) arising from 
transitional zone (arrows) 


Fig. 3.7 Prostate cancer shown as focal hypoechoic 
lesion on TRUS. (a) TRUS axial scan reveals well- 
marginated low echoic nodular lesion on left portion of 
prostate. (b) Color Doppler image shows definitely 
increased vascularity on the focal lesion 
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inflammation, fibrosis, infarction, or benign pros- 
tate hyperplasia nodules [19]. 

B-mode TRUS has very limited ability to 
identify tumors in the central gland. It has been 
shown that some prostate cancers demonstrate 
increased flow on color Doppler, a feature that is 
also used to guide biopsies (Fig. 3.7) [9]. 

According to the study of Onur et al. [20], out 
of 3,912 consecutive patients who performed 
TRUS-guided biopsies, prostate cancer was 
detected in 25.5% with a hypoechoic lesion and 
in 25.4% without a hypoechoic lesion. The per- 
centage of core detection was 9.3% for 
hypoechoic and 10.4 % for isoechoic areas. Over 
the past decade, there has been a trend to obtain 
larger numbers of biopsy specimens, with most 
clinicians taking 8- to 12-core biopsies; most cur- 
rent studies are recommending a 12-core biopsy 
scheme [21]. 

Other attempts were tried. Lee et al. [22] tried 
to evaluate the imaging findings of focal 
hypoechoic lesions seen on TRUS with several 
parameters of shape, margin irregularity, vascu- 
larity, and the location of the lesion. They con- 
cluded that the positive predictive value was up to 
80% when the focal lesion located in peripheral 
portion showed nodular and irregular marginated 
hypoechoic lesion with increased vascularity. 

In spite of these results, many reports showed 
that the simple hypoechoic lesion showed low 
sensitivity and specificity of grayscale ultrasound 
for the detection of prostate cancer. And there is 
limited value for grayscale-targeted biopsies. 
However, due to the high-quality images and the 
inexpensive and simple procedure, it is still the 
most optimal technique for guiding prostate 
biopsies [23]. 

Besides, recently, new emerging technologies 
in TRUS-guided prostate biopsy such as image 
fusion, elastography, and contrast-enhanced 
ultrasound were introduced and showed high 
potential in the diagnosis of prostate cancer. 
Ultrasound contrast agent studies can provide the 
information regarding vascularity of the lesion. 
New novel technologies for the synthesis of new 
microbubbles with specific ligand are introduced 
and visualize the presence of specific marker. 
The advent of ultrasonic molecular imaging may 
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provide a new diagnostic method for the early 
diagnosis of prostate cancer. 

Elastography is an emerging ultrasound tech- 
nique that can provide the information regarding 
tissue elasticity and stiffness. The image fusion, 
which can show the information both from 
multiparametric magnetic resonance imaging 
(mpMRI) and TRUS imaging, will have a poten- 
tial modality in performing targeted biopsy. 


3.3.2 US Elastography 


Elastography is an ultrasound imaging technique 
based on the concept that significant differences 
exist between elastic properties of benign and 
malignant tissue [24]. It is an emerging ultra- 
sound technique that can visualize tissue elastic- 
ity and stiffness [25]. It is based on the 
assumptions that if force is applied to the unit 
area (stress), relative displacement of points 
(strain) will be proportional to the applied force 
and is represented by well-described Young’s 
modulus. Tumors are usually stiffer than normal 
tissue because of its increased cellular density. 
Prostatic cancer is normally 5-28 times stiffer 
than the surrounding soft tissue [26]. This change 
of local stiffness is the background of digital rec- 
tal exam of prostate gland. However, digital rec- 
tal exam is subjective to the examiner, and only 
part of the prostate is palpable. 

In elastography, there are two types, using 
strain and shear wave technology. Strain forces 
are generated by manual compression by trans- 
ducers, while shear wave is a technique that uses 
a sonographic push pulse to generate a shear 
wave in the tissues (Figs. 3.8 and 3.9) [27]. 

Soft tissues tend to exhibit higher strain (defor- 
mation) than stiffer areas when compression is 
applied. Strain elastography of the prostate is based 
on the analysis of tissue deformation in a region, 
generated by compression of the tissue by the tran- 
srectal transducer. A speckle comparison, before 
and after compression, yields to a color map of 
local tissue deformation or strain called elastogram 
[28]. Because tissue stiffness is estimated by visu- 
alizing the differences in strain between adjacent 
regions, there is no quantitative elasticity. 
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Fig.3.8 Elastography using strain forces. Elastography shows relatively focal lesion showing low elasticity (arrows). 
This lesion is well matched with the focal lesion on grayscale TRUS 


Fig. 3.9 Prostate cancer of shear wave elastography. (a) 
Elastography shows area of low elasticity in left periph- 
eral zone of prostate (arrows), which is not definite on 
grayscale TRUS. Pathologic report revealed that prostate 


The ROI can be placed on abnormal lesion 
and the other areas of the prostate. 
Semiquantitative information can be derived by 
measuring strain ratio between two ROI (usually 
one considered “normal” and the other “abnor- 
mal”). The strain for each pixel is color coded 
and displayed as overlay on the B-mode image 
(Fig. 3.8). Because the stiffness color scale is 
automatically distributed from the lowest to the 
highest strain found in the image plane, it may 
induce some variability [29]. Elastography 


cancer was in this lesion. (b) Apparent diffusion coeffi- 
ciency (ADC) map image shows diffuse signal drops in 
whole prostate, suggesting diffuse prostate cancer 


permits depiction of the cancer of isoechogenec- 
ity on grayscale ultrasound, otherwise can be 
missed by conventional TRUS. 

Shear wave elastography (SWE) is another 
type of elastography, which can provide quanti- 
tative information on tissue elasticity. The basic 
principle of SWE relies on two successive steps; 
a shear wave is remotely induced by the endorec- 
tal transducer in the prostate, using the acoustic 
radiation force of a focused ultrasonic beam, 
and the shear wave propagation is captured by 
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Fig.3.10 Figure showing 
shear wave elastography- 
guided biopsy. TRUS 
image shows shear wave 
elastography-guided 
biopsy. The guide indicates 
that the lesion with low 
elasticity 


imaging the prostate. By measuring the shear 
wave propagation velocity, shear modulus can 
be derived. The shear wave speed (in meter per 
second) or the Young’s modulus (in kilopascal) 
is color mapped on the images in B-mode [29]. 

Unlike strain elastography, SWE requires no 
compression on the rectal wall to produce elasto- 
grams (Fig. 3.9). SWE is based on the measure- 
ment of shear wave velocity propagating through 
the tissues [30]. This technique has advantages of 
providing a quantitative map of elastic character- 
istics in real time, which can be displayed either 
in kilopascal or in meter per second. 

Several studies reported that elastography pro- 
vides useful additional information to conven- 
tional TRUS for prostate cancer detection. There 
are several applications of elastography. It can be 
used in characterization of region detected by 
grayscale imaging, color Doppler US, or MRI 
(Fig. 3.9). It can be also used for the characteriza- 
tion of lesions which were not detected on con- 
ventional US, and it can be used for biopsy 
targeting (Fig. 3.10) [31]. 

A meta-analysis study using strain elastogra- 
phy reported sensitivity in the range of 71-82 % 
and a specificity of 60-95 % with reference stan- 
dard of radical prostatectomy specimen [28]. 
Elastography-guided prostate biopsies in patients 
with cancer were 2.9-fold more likely to detect 
prostate cancer than systemic biopsy [32]. 
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Another prospective study of elastography by 
Brock et al. reported that overall prostate cancer 
detection rate was significantly higher in patients 
who underwent biopsy with the elastography- 
guided approach compared to the grayscale 
ultrasound-guided biopsy (51.1% vs. 39.4%) 
[33]. However, the sensitivity of elastography did 
not reach levels to omit a systematic biopsy 
approach. 

The comparison of elastography with 
T2-weighted conventional MRI was reported by 
Aigner et al. [34]. Overall sensitivities and speci- 
ficities were similar between elastography and 
T2-weighted MRI. 

The drawback of strain elastography is that 
quantification of tissue elasticity is not achiev- 
able. Semiquantitative stiffness evaluation using 
a strain index (strain ratio of tissue over normal 
tissue) is introduced to overcome this limitation 
and reported to be useful in the evaluation of 
prostate cancer [35]. However, these studies are 
all based on region of interest drawing, which 
have some difficulties in reproducibility and 
standardization. 

With SWE, during evaluation, the transducer 
should be kept in steady-state position for several 
seconds until stabilization of the signals. Usually, 
stiff tissues are color coded in red, while soft tis- 
sues appear in blue color [29]. Hypoechoic 
lesions with stiff elasticity are suspicious for 
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malignancy. The absolute value of elasticity can 
be obtained for each ROI. In young men without 
prostate disease, the elasticity values are below 
30 kPa. Typical prostate cancer nodules in the 
peripheral zone are stiffer, showing more than 
35 kPa [29]. 

The advantage of SWE over strain elastogra- 
phy is that SWE does not require compression by 
the transducer, which means that measurement is 
operator independent. A few initial reports 
showed very promising results for SWE, includ- 
ing high sensitivities and specificities over 90 % 
for prostate cancer [27, 36]. However, the sensi- 
tivity and specificity were decreased to be 
50-60% in another recent study by Woo et al. 
[37]. Nevertheless, SWE parameters of mean 
stiffness and mean stiffness ratio are significantly 
different between prostate cancer and benign tis- 
sue and correlate with Gleason score. 

For the evaluation of diagnostic accuracy or 
feasibility, more validation studies beyond the 
initial reports will be required with prospective 
trials and/or radical prostatectomy specimen 
basis. 

Elastography is rapidly maturing and now 
produces excellent and diagnostically useful 
images of prostate. By measuring the stiffness, it 
may help for the characterization of the focal 
lesion seen on TRUS and for guiding the prostate 
biopsy. 


3.3.3 Contrast-Enhanced TRUS 


Microbubble contrast agents are composed of 
tiny bubbles of gas contained within a supporting 
shell. The shell may be composed of albumin, 
galactose, lipids, or polymers ranging from 10 to 
200 nm [38]. The inner space is filled with gases 
having a high molecular weight and low solubil- 
ity such as perfluorocarbon or sulfur hexafluoride 
which has characteristics of prolonging the 
agents’ existence in the blood pool [39]. 
Ultrasound contrast agents are mainly used as 
intravascular contrast media, although they can 
be instilled into the urinary bladder to evaluate 
ureteric reflux or into the uterus to look out for 
tubal patency [40, 41]. The size of microbubbles 
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Fig. 3.11 Figure showing microbubble. Microscopic 
image shows bubble like structures with the size less than 
10 pm 


is nearly equal to that of red blood cells, and they 
behave as intravascular blood pool agents 
(Fig. 3.11). They are able to better show the neo- 
vascularity and increased vascular density that 
has been correlated to the presence of prostate 
cancer, cancer stage, metastasis, and postopera- 
tive biochemical failure [42, 43]. 

The echogenicity of an individual microbub- 
ble is dependent on the elasticity of the shell, the 
compressibility of the core, the length of time 
that the bubble will remain in circulation, and the 
amount of acoustic energy that the microbubbles 
can absorb before breaking down [44]. 

Prostate cancer, like other solid organ malig- 
nancy, has been demonstrated to have measur- 
able neovascularity and tumor-associated 
angiogenesis. The tumor growth and metastasis 
require angiogenesis, the growth of new blood 
vessels. These abnormal blood vessels may rep- 
resent a possible marker for the presence of can- 
cer [42]. The measure of tumor angiogenesis 
correlates with the microvessel density (MVD) 
and metastasis in various malignancies [45]. 
Hence, microbubbles have considerable poten- 
tial for imaging of tumor angiogenesis as intra- 
vascular contrast agents. According to 
preclinical study in xenograft prostate cancer 
model using PC-3 prostate tumor cells, maxi- 
mum intensity was positively correlated with 
the MVD with statistical significance (Figs. 3.12 
and 3.13) [46]. In clinical study, Weidner et al. 
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Fig. 3.12 Xenograft animal study showing microbubbles 
for angiogenesis assessment. Contrast-enhanced US 
shows well-enhancing solid mass on PC-3 xenograft 


reported that microvessel counts increased with 
increasing Gleason score in prostatectomy spec- 
imen [45]. Sedelaar et al. showed that ultra- 
sound contrast-enhanced areas had a 1.93 times 
higher MVD as compared to the nonenhanced 
areas (Fig. 3.14) [47]. 

For the contrast-enhanced ultrasound, various 
imaging strategies including grayscale, Doppler, 
harmonic imaging, maximum intensity projec- 
tion, and flash replenishment techniques can be 
used. Harmonic imaging uses the distortion pro- 
duced by the microbubble contrast agent on the 
sound wave reflection, in harmonic multiples of 
the incident frequency [38]. Maximum-intensity 
projection adds the information between ultra- 
sound frames, allowing tracking of microvessel 
morphology. 

In clinical practice, contrast-enhanced sonog- 
raphy has many advantages in that it can be 
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Society of Ultrasound in Medicine J Korean Soc 
Ultrasound Med 2009;28:139-145) 


performed on patients safely, easily, and repeat- 
edly without any radiation. However, it has disad- 
vantages in its lack of objectivity in determining 
the extent of enhancement because the image 
qualities are affected by many factors. Also the 
results are sometimes operator dependent. 
However, these disadvantages may be overcome 
by development of dedicated software for 
analysis. 

For the evaluation of TRUS-guided biopsy 
using ultrasound contrast agents, many clinical 
studies were performed. The detection rate of 
prostate cancer was higher when they use 
contrast-enhanced color Doppler-targeted biopsy 
comparing 10 systemic biopsies in 690 men 
(26 % vs. 20%). And, the Gleason score was also 
higher in contrast-enhanced targeted biopsy than 
that of systemic biopsy (mean, 6.8 vs. 5.4) [48]. 
In a recent report published by Jiang, the peak 
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Fig. 3.13 Quantitative evaluation of tumor angiogenesis. 
Time-intensity curve can be obtained with software. 
Several quantitative parameters can be calculated based 


intensity on contrast-enhanced ultrasound corre- 
lated with Gleason score and MVD in 147 pros- 
tate cancer patients [49]. 

According to the meta-analysis regarding the 
diagnostic performance of contrast-enhanced 
ultrasound in patients with prostate cancer, the 
pooled sensitivity and specificity were 0.7 and 
0.74 from 2,624 patients [50]. At present, 
contrast-enhanced ultrasound is a promising tool 
in the detection of prostate cancer, but it cannot 
completely replace systematic biopsy under the 
present circumstances. 

Targeted microbubbles have additional ligand 
molecules that bind to the specific sites. Possible 
receptor targets for prostate cancer are those that 
are upregulated during the process of angiogene- 
sis. Most research regarding targeted microbub- 
bles has been focusing on the vascular endothelial 
growth factor (VEGF) receptors [51]. For 
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contrast-enhanced imaging of the high expres- 
sion of VEGF receptor 2 (VEGFR2) in tumor 
neovasculature, WEGFR2 receptor-loaded tar- 
geted microbubbles were introduced [52]. 
Recently, there are other novel technologies 
for targeting prostate cancer cells using nanoscale 
ultrasound contrast agents. Among prostate can- 
cer biomarkers, prostate-specific membrane anti- 
gen (PSMA) is considered to be the most 
important protein target in diagnostic-specific 
immunolocalization imaging and immune- 
directed therapy [53, 54]. PSMA is a type II 
transmembrane glycoprotein in the prostate cell 
membrane. The levels of PSMA expression are 
different in normal prostate tissue, benign pros- 
tatic hyperplasia, and prostate cancer epithelial 
tissue, respectively. And it is also known that 
positive PSMA expression rate in hormone- 
refractory prostate cancer and metastases are 
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Fig. 3.14 Contrast-enhanced TRUS showing prostate 
cancer. Contrast-enhanced TRUS shows well-enhancing 
lesion on right peripheral zone of prostate (arrows). The 


significantly higher than that of the normal or 
benign tissue [53]. Wang et al. [54] reported 
in vitro and in vivo results of PSMA-targeted 
nanoscale microbubbles in prostate cancer. They 
synthesized stable PSMA monoclonal antibody- 
loaded MBs and investigated their in vitro target- 
binding capability with the selected prostate 
cancer cells. Besides, targeted contrast enhance- 
ment and specificity were also examined with a 
xenograft prostate tumor models. The results 
showed that targeted microbubbles can signifi- 
cantly increase peak intensity and duration of 
contrast enhancement than that in control micro- 
bubbles [54]. These targeted ultrasound contrast 
agents, which are on the way of development, 
would be very potential methodologies not only 
for prostate cancer-specific imaging but also for 
targeted ultrasound-guided prostate biopsy. 


3.3.4 Image Fusion 

TRUS plays a crucial role in the screening imag- 
ing study and guidance of the biopsy of the 
prostate glands. However, overall detection rate 


lesion showed prostate adenocarcinoma after TRUS- 
guided biopsy 


of TRUS for prostate cancer remains approxi- 
mately 50 %, and biopsies yield at least one posi- 
tive biopsy in only 25 % of the patients [55, 56]. 
Moreover, over detection of the clinically insig- 
nificant cancer is another important issue, which 
leads to overtreatment. Therefore, detection of 
highest grade or representative cancer tissue in 
the prostate gland is required to decide treatment 
plan. Several potential benefits of MRI-targeted 
biopsy were reported in the literature. The accu- 
rate localization of significant cancer before 
biopsy may correct the limitations of systematic 
random biopsy [6]. 

Introduction of high-field MRI in clinical field 
impacts improved image quality due to increased 
signal-to-noise ratio (SNR). Still there remain 
some controversies, but the use of uncomfortable 
endorectal coil is not obligatory for the prostate 
MRI because of its increased SNR of 3.0 Tesla 
MRI [57]. 

Application of stronger magnet and multipa- 
rametric MRI (mpMRI) from morphologic and 
functional MRI technique enables to detect 
more cancers. T2-weighted MRI is excellent 
in the evaluation of anatomy and detection 
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Fig.3.15 Image showing MRI-TRUS fusion. TRUS-MR 
fusion image-guided biopsy can cover the most suspi- 
cious lesion seen on ADC map. TRUS guide biopsy was 
performed on the suspicious lesion seen on ADC map in 


of peripherally located However, 
T2-weighted image has limited value in the 
detection of central-gland cancer. In addition, 
T2-weighted images are very susceptible to 
post-biopsy hemorrhage, which shows low sig- 
nal intensity and interferes tumor detection [58]. 
Functional techniques including apparent dif- 
fusion coefficient (ADC) map from diffusion- 
weighted imaging, dynamic contrast-enhanced 
MRI with fast imaging, and magnetic resonance 
spectroscopy (MRS) are very helpful in the diag- 
nosis of prostate cancer. The detection rates of 
prostate cancer are increased with these tech- 
niques, and even centrally located cancer can be 
more easily and confidently diagnosed [59]. For 
the staging of prostate cancer, mpMRI is superior 
to detect extracapsular extension and seminal ves- 
icle invasion. To monitor treatment effect, mpMRI 
significantly improves the assessment of patients 
with suspected recurrence after treatment [60]. 
ADC map can discriminate cancers with 
Gleason score over 7 (4+3) from cancer with 
lower Gleason score [59]. Because of this supe- 
rior detectability of cancer with highest Gleason 
score with MRI, MRI-guided prostate biopsy is 


cancer. 


anterior portion of transitional zone, and pathologic 
report revealed prostate cancer with Gleason score of 8 
(arrows) 


introduced. Although it has great advantage of 
reducing the number of core biopsy, it has limited 
value due to increased procedure time and costs 
[61]. 

The simplest way to MRI-guided biopsy is 
visual estimation of MRI during TRUS-guided 
biopsy. Visual estimation allows the adaptation of 
MRI-targeted biopsy in clinical practice without 
significant cost, but it needs a significant learning 
curve and lacks real-time feedback regarding 
accuracy [6]. The current studies about TRUS- 
guided biopsy with MR visual estimation suggest 
improved accuracy and efficiency compared to 
systematic biopsy but also demonstrated that 
visual estimation biopsy varies by operator expe- 
riences [62, 63]. 

MR-US fusion image by co-registration soft- 
ware can be another powerful option for guid- 
ance of prostate biopsy (Fig. ). Image fusion 
is the process of combining image information 
from two or more images into a single image, 
and the resulting image provides more informa- 
tion than any input image alone. Image fusion of 
prostate refers to the superimposition of stored 
prostate MRI images and real-time TRUS 
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images, when prostate biopsy is performed [64]. 
The fused image gives the operator the advan- 
tages of the tumor-detecting value of MRI with 
the ease of use of TRUS. 

A number of commercial platforms for image 
fusion have become available [6]. These applica- 
tions vary by co-registration technologies includ- 
ing mechanical, electromagnetic, or real time. 
Hardware platform to align the biopsy is 
different. 

Reduction of time and cost of direct MRI 
guidance without sacrificing diagnostic accuracy 
can be achievable. Sonn et al. [61] reported that 
targeted biopsy with MR-US fusion was three 
times more likely to identify cancer than a sys- 
tematic biopsy (27% vs. 7%). Out of the men 
with Gleason score 7 or greater cancer, 38 % had 
disease detected only on targeted biopsies. Fusion 
biopsy can provide improved detection of pros- 
tate cancer in men with prior negative biopsies 
and elevated PSA levels [65]. Fusion software 
co-registration potentially overcomes the limita- 
tion of cognitive fusion through reproducible 
methods of identifying MRI lesions on ultra- 
sound. MR-US fusion biopsy potentially has 
greater reproducibility because it involves less 
operator dependence and provides real-time 
feedback of actual biopsied locations. 

There is still some technical issue to be solved 
in MR-US fusion. Precise registration of MRI 
and US is the key for the successful image fusion. 
However, the shape of prostate in MR and TRUS 
is different because the prostate is displaced and 
deformed due to ultrasound probe. Nonrigid reg- 
istration of the prostate gland for this elastic 
deformation is needed, but still many fusion tech- 
niques are based on rigid registration which can- 
not reflect elastic deformation by transducer. 
However, this issue can be overcome by develop- 
ment of fusion techniques [66]. Disadvantages 
also include a high cost for the image fusion soft- 
ware/device, dependence on the software for 
accuracy, and the associated learning curve and 
operator training. 

Among the patients with no previous biopsy, 
the role of image fusion is poorly defined, but it 
has the potential to reduce false-negatives 
contributing to reduce repeated biopsies and to 
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get the representative information regarding 
patients’ cancer. The patients with a previous 
negative biopsy but persistent clinical suspicion 
have the potential for increased cancer detection 
and reduced further repeated biopsy. With devel- 
opment of MRI technologies for depicting the 
prostate cancer, image fusion may have more 
important role in prostate cancer patients. 


3.3.5 TRUS-Guided Biopsy 


The diagnosis, management, and prognosis of 
prostate cancer are largely dependent on histo- 
pathological features obtained by TRUS and 
TRUS-guided biopsy [14]. Traditionally, the 
decision to perform prostate biopsy has been 
based on abnormal digital rectal examination 
(DRE) or increased PSA level. TRUS-guided 
biopsy uses B-mode and/or color Doppler imag- 
ing to localize the prostate, target suspicious 
areas, and systematically obtain anywhere from 
6- to more than 40-core biopsy using 18-gauge 
needles. 

Because of these sampling errors, however, 
the reported false-negative rate of TRUS-guided 
biopsy reaches up to 30% [67]. In addition, 
Gleason scores established through TRUS- 
guided biopsy are often discordant with prosta- 
tectomy specimens. TRUS-guided biopsy 
underestimates the score of cancer in up to 38 % 
of patients, therefore misrepresenting tumor 
aggressiveness [68]. The volume of disease can 
be estimated based on the number of positive 
core biopsies and on the percentage of tumor 
seen in positive cores. According to Park et al., 
among several parameters from prostate biopsy, 
the maximum cancer length was found to be the 
most reliable predictor of disease staging [69]. In 
other studies, multiple risk-stratification schemes 
are available to predict prognosis and plan treat- 
ment [70, 71]. These criteria rely heavily on the 
histopathologic findings of Gleason grade and 
extent of tumor seen in the TRUS-guided core 
biopsy specimens. 

Although there is no absolute cutoff value for 
prostate biopsy, general agreement is that PSA 
higher than 4 ng/ml is suggestive of the presence 
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of prostate cancer for TRUS-guided biopsy [31]. 
In other reports, a PSA threshold of 2.6 ng/ml 
doubles cancer detection rates in men younger 
than 60 years with little loss in specificity [72]. 
There are several other factors to consider in pro- 
ceeding to biopsy, potentially including PSA 
velocity, % free PSA, PSA density (PSAD), age, 
family history, ethnicity, and comorbidities. 

The National Comprehensive Cancer Network 
(NCCN) in the United States recommends the 
use of a PSA velocity of 0.35 ng/ml/year or 
greater as indication for biopsy in men with PSA 
2.5 ng/ml or less [73]. The use of % free PSA as 
an alternative indication of initial biopsy was also 
suggested. The % free/total PSA ratio can be 
used to recommend biopsy if the value is less 
than 10%, and prostate biopsy is not recom- 
mended if the value is greater than 25% [31]. 
PSAD and age-referenced PSA have been inves- 
tigated but are still controversial [73]. Several 
predictive models have been developed to reduce 
unnecessary biopsies and still detect most clini- 
cally important cancers and are available on the 
internet. 

Pain control is one of the important issues in 
the aspect of patient care. Periprostatic nerve 
block (PPNB) with 1% lidocaine is considered 
the standard anesthetic technique. And many pro- 
tocols and researches were reported to reduce 
the pain during TRUS-guided biopsy [74, 75]. 
The most common site of injection is bilaterally 
at the junction of the base of the prostate and 
seminal vesicles, because neural pathway origi- 
nates from the inferior hypogastric plexus located 
at the tip of seminal vesicles and passes between 
the prostate and rectum [76]. Various sites of 
infiltration were studied including the apex-only 
[77, 78] bilateral neurovascular bundles [79, 80], 
apex and neurovascular regions [81, 82], or three 
locations of base, mid, and apex [82]. Ismail et al. 
reported that combined bilateral neurovascular 
bundles with apical infiltration resulted in more 
effective reduction in pain associated with TRUS 
biopsy than bilateral neurovascular infiltration 
alone, especially in younger patients [83]. Lee 
et al. reported that intraprostatic anesthesia and 
periprostatic nerve block are effective and useful 
techniques tolerated by the patient based on 


109 


randomized, double-blinded study [84]. In other 
respect, for the relieving pain related to probe 
insertion, Cormio et al. reported that lidocaine- 
prilocaine cream was most effective in probe- 
related pain for prostate biopsy [81]. 

The number of cores from TRUS-guided 
biopsy is also important because it is related with 
the patient’s discomfort or the accuracy of pros- 
tate cancer diagnosis. Recently, TRUS-guided 
biopsy with 12 cores is considered the standard 
procedure for cancer detection. Several studies 
have reported the higher yield of an extended 
prostate biopsy versus the old standard sextant 
biopsy, without an increase in the detection of 
insignificant cancer [75, 85]. The studies regard- 
ing the number of core biopsy have demonstrated 
sextant prostate biopsy sensitivities at 30 %, with 
increasing sensitivity with increasing numbers of 
core biopsies, 36-58 % for 12-core biopsies and 
53-58 % for 18-core biopsies [86]. On the other 
hand, it has been shown that the saturation tech- 
nique as an initial prostate biopsy strategy does 
not improve cancer detection. Jones et al. had 
suggested that further efforts at extended biopsy 
strategies beyond 10-12 cores are not appropriate 
as initial biopsy strategy [87]. Eichler et al. 
showed that there is no significant benefit in tak- 
ing more than 12 cores and methods requiring 
more than 18 cores have a poor side-effect profile 
[21]. Sampling accuracy tends to decrease pro- 
gressively with an increasing prostate volume. In 
addition to the number of cores and prostate vol- 
ume, the site of core biopsy is also important. 
Because the apex and the base of the peripheral 
gland are the most common cancer sites, it is 
advised that biopsies should be directed to apex 
and base of peripheral zone. The parasagittal 
biopsies have been shown to have the lowest pos- 
sibility of prostate cancer at the initial biopsy. 
The American Urological Association (AUA) has 
recently completed a white paper confirming that 
a 12-core systematic biopsy is optimal and that 
there was not compelling evidence that individ- 
ual site-specific labeling of cores benefits clinical 
decision making regarding the initial manage- 
ment of prostate cancer [31]. Studies of repeat 
prostate biopsy after negative extended prostate 
biopsy indicate that up to 30% of patients have 
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cancers that were not previously diagnosed [88, 
89]. Repeated biopsy seems to be recommended 
in patients with an initial negative biopsy but per- 
sistent suspicion of prostate cancer based on age, 
comorbidities, DRE findings, PSA measure- 
ments, other PSA derivatives (% free PSA, 
PSAD, PSA velocity), or urinary prostate cancer 
antigen 3 (PCA3) score [28]. 

While MRI-targeted biopsy and MR-TRUS 
fusion biopsy have the potential to overcome the 
limitations of standard TRUS-guided biopsy, 
they need further studies regarding the accuracy 
in prostate cancer detection, cost-effectiveness 
analysis, and improvements in technical limita- 
tions [6]. 

The complications of prostate biopsy include 
urinary tract infection, hematuria, bleeding per 
rectum, hematospermia, and acute urinary tract 
obstruction. In case of bleeding, clinically signifi- 
cant hematuria was developed only in 1-2% of 
patients who underwent prostate biopsy. Desmond 
et al. reported that out of 670 patients who under- 
went prostate biopsy, about 0.6% showed gross 
hematuria and 0.1% of patients needed manage- 
ment [90]. Azjen et al. reported that 1% of the 
patients showed transient hematuria [91]. In larger 
scales, Berger et al. showed hematospermia 
(36.3 %), hematuria (14.5 %), and rectal bleeding 
less than 48 h (2.3 %); however, most cases need 
no management. They reported that only 0.7 % of 
patients showed fever immediately after biopsy, 


Fig. 3.16 CT findings of multiple metastasis of prostate 
cancer. (a) Post-contrast CT scan shows bulky mass 
involving prostate and posterior bladder wall (arrows). 
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0.6% showed severe rectal bleeding, and 0.2 % 
showed acute urinary retention [92]. Infections 
after prostate biopsy are urinary tract infection, 
prostatitis, epididymitis, prostatic abscess, or sep- 
sis. To avoid significant infection, it is important 
to use prophylactic antibiotics before biopsy and 
to detect the symptoms and signs of infection 
earlier. 


3.4 CT 

Computed tomography (CT) is one of the most 
commonly used modality in abdomen and pel- 
vis imaging; however, it gives little informa- 
tion regarding prostate and has a very limited 
role in prostate cancer staging [93]. CT shows 
little contrast between prostate and adjacent 
organs including seminal vesicle. However, it 
may be considered for the staging of men with 
high-risk prostate cancer. High risk is usually 
defined as total serum PSA greater than 
20.0 ng/ml, locally advanced disease on clini- 
cal assessment such as positive findings on 
DRE, or Gleason score greater than or equal to 
8 [14]. CT of prostate cancer is almost used for 
assessing potential metastasis in lymph nodes, 
soft tissues, or bones of advanced prostate 
cancer patient (Fig. 3.16). The most common 
sites for lymph node metastasis in prostate can- 
cer include anterior or lateral route of pelvic 


(b) At the higher level, CT scan shows multiple metastatic 
lymphadenopathies (arrows) 
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pathway (external iliac lymph nodes), internal 
iliac route (internal iliac lymph nodes), and 
sometimes presacral route (presacral lymph 
nodes). Even in patients with high-risk cancer, 
the sensitivity of CT scanning for detecting 
positive nodes is only about 35 % [14]. 

For the diagnosis of bone metastasis, bone 
scan is significantly more sensitive than CT, and 
many patients with normal CT findings show 
positive radionuclide scan findings. Although 
osseous metastases can be identified on CT, CT is 
usually used to follow up patients with known 
metastatic disease rather than to diagnose it. 


3.5 MRI 


3.5.1 Conventional MRI 

Usually, prostate MRI studies combine anatomic 
images from high-resolution T2-weighted (T2W) 
images and functional information obtained from 
diffusion-weighted imaging (DWI), dynamic 
contrast-enhanced imaging (DCE]), and MRS, in 
a multiparametric approach. 

High-resolution T2-weighted images are used 
for prostate cancer detection, localization, and 
staging. Many institutions obtain T2-weighted sag- 
ittal, axial, and coronal planes. Fast-spin echo 
T2-weighted image provides high signal-to-noise 
ratio (SNR) and high spatial resolution images with 
significant T2 contrast. High-contrast T2-weighted 
images allow the depiction of subglandular struc- 
tures located mainly in the peripheral zone. 

In T2-weighted images, the normal peripheral 
zone of the prostate has hyperintense signal, 
whereas the central and transition zones have 
low signal intensity, allowing the zonal anatomy 
of the prostate to be clearly demonstrated 
(Fig. 3.17). The prostate capsule is demonstrated 
as a thin line of low signal intensity surrounding 
the gland [94]. The nodular, glandular, stromal, 
and cystic changes of BPH can be clearly visual- 
ized [95]. For T2W imaging without functional 
sequences, the sensitivity and specificity for 
prostate cancer are approximately 57-83 and 
62-82 % [96, 97]. 
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Normal peripheral zone consists primarily of 
glandular lumen lined with secretory epithelium, 
all of which is embedded within a stromal matrix 
[98, 99]. In normal structures, macromolecular 
water content and free water content are low in 
stroma and high in luminal space on T2-weighted 
images. These characteristics result from rela- 
tively long T2 values and unrestricted water dif- 
fusion with high ADCs in the peripheral zone. 
Peripheral zone prostate cancer typically shows 
low signal intensity nodule on T2-weighted 
images, but imaging findings can be changed 
according to the tumor growth pattern and the 
aggressiveness of the tumor. In case of tumors 
with densely packed malignant glands, 
T2-weighted image shows low-signal-intensity 
mass usually on the peripheral zone (Fig. 3.18). 
However, in case of tumors with sparse malig- 
nant glands intermixed with normal tissue, the 
signal intensity of the tumor is not significantly 
different from the surrounding normal tissue and 
is not readily detected on MRI [100]. Sometimes 
it is difficult to differentiate prostate cancer from 
other benign lesions showing low signal intensity 
on T2-weighted image. For focal low signal 
intensity on the T2-weighted images, wedge- 
shaped and diffused extension without mass 
effect are the best predictors of benignity, whereas 
mass effect and irregular margin suggest 
malignancy [101]. A few benign conditions of the 
prostate, including chronic prostatitis, scars, and 
post-biopsy hemorrhage, can result in low-signal- 
intensity areas on the T2W images and can be 
confused with cancer [102]. In case of prostatitis, 
the glandular luminal space is replaced by the 
inflammatory cells. These inflammatory changes 
with scar formation due to the thickening of the 
ductal walls contribute to shorter T2 values, 
which reveal subsequently hypointense regions 
on T2-weighted image [103]. Sometimes age- 
related changes in the prostate show increase in 
ADC in the peripheral zone [104]. 

The detection of tumors located in the transi- 
tion zone is more difficult. Because the signal 
intensities of BPH and prostate cancer usually 
overlap on the T2-weighted images, other 
imaging features such as homogeneous low 
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Fig. 3.17 Normal findings of prostate in 45-year-old 
man. (a) T1-weighted axial image shows homogenous low 
signal intensity of prostate. (b) T2-weighted axial image 
shows bright signal intensity of peripheral zone. Also note 
low signal intensity transitional zone (T) and anterior fibro- 


T2W signal intensity, ill-defined margins, lack 
of capsule, lenticular shape, and extension into 
the fibromuscular stroma may help for the sus- 
picion of prostate tumor [105]. 

Although post-biopsy hemorrhage may give 
us confusion, sometimes the hemorrhage can 
support the detection of a suspected lesion known 
as “hemorrhage exclusion sign.” It is noted when 
the tumor composed of compact tumor cells pres- 
ents as an isointense area on the T1l-weighted 
images, surrounded by hyperintense hemorrhage 
in normal tissue [106] (Fig. ). 

To avoid unnecessary diagnostic difficulties 
due to biopsy hemorrhage, prostate MRI is usu- 
ally recommended at least 6-8 weeks after 


muscular stroma (F) in central and anterior portion of pros- 
tate. (c) Post-contrast MR image shows relatively 
well-enhancing transitional zone (T) and anterior fibro- 
muscular stroma (F). Also note the peripheral zone shows 
little enhancement due to prominent glandular portion (P) 


biopsy; however, post-biopsy hemorrhage can 
also persist for several months [95]. It is pre- 
sumed that the anticoagulative effects of the 
citrate which is highly concentrated in normal 
prostate tissue but is low in cancer tissue results 
in increased bleeding. Prostate cancer tissue is 
probably also a better site of degradation for 
hemorrhage than normal prostate tissue. 


3.5.2 Diffusion-Weighted Image 
(DWI) 


One of the most important recent advances in pros- 
tate cancer imaging is the use of diffusion-weighed 
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Fig. 3.18 Typical findings of prostate cancer. (a) 
T2-weighted axial scan shows well-marginated low signal 
intensity lesion located in left peripheral zone (arrows). 
(b) T1-weighted image also shows low signal intensity in 
left peripheral zone (arrows). Also note high signal inten- 
sity lesions in peripheral zone suggesting hemorrhage 


imaging technique for characterizing prostate tis- 
sues and localizing the prostate cancer. DWI 
reflects the Brownian molecular motion of water. 
DWI has become an important part of oncological 
imaging since most of malignant tumors show dif- 
ferent Brownian motion of water comparing nor- 
mal tissue [107]. 

Recently, the technological developments of 
echo-planar imaging (EPI), high-amplitude gra- 
dients, multichannel coils, and the introduction 
of parallel imaging have extended the applica- 
tions of DWI from neuroimaging to the abdomen 
and pelvis [108]. 

On DWI, the prostate cancers show high sig- 
nal intensity on b values of 800-1000 s/mm?. 
The sensitivity of the DWI sequence to 
molecular motion can be modified by changing 


probably due to previous biopsy. (c) TRUS shows rela- 
tively irregular marginated low echoic lesion in same area 
(arrows). (d) Color Doppler image shows increase vascu- 
larity. The pathologic report after prostatectomy showed 
prostatic adenocarcinoma 


the “b value” parameter. The b value depends 
on the amplitude, duration, and time interval 
between the paired gradients used to generate 
the DWI sequence [100]. 

An optimal b value for prostate imaging has 
not yet been established. Increased b values over 
1000 s/mm* can increase tumor visibility, espe- 
cially in the transition zone. However, increased 
b values also lead to an increase in the scan time 
and more pronounced image distortion artifacts. 
In 2012, the European Society of Urogenital 
Radiology (ESUR) suggests the use of the b val- 
ues of 0, 100, and 800-1000 s/mm? [57]. 

The signal intensity on the DWI images 
reflects the amount of restriction of water to dif- 
fusion but also the T2-weighted characteristics of 
the tissue, which is the so-called “T2 shine 
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through” effect. Apparent diffusion coefficient 
(ADC) can be calculated from the diffusion- 
weighted image data. The ADC map is obtained 
by using data from DWI trace images with at 
least two different b values and does not reflect 
T2W characteristics. 

In the ADC maps, areas with diffusion 
restriction such as cancer show low signal inten- 
sity. The ADC levels are significantly lower in 
prostate cancer tissue than in noncancerous 
prostate, which enables the localization of pros- 
tate cancer [109]. Prostate cancer demonstrates 
high signal intensity on the DWI at high b val- 
ues and has low signal intensity on the ADC 
map (Fig. 3.19). For detecting prostate cancer 
on diffusion-weighted imaging study, both DWI 
and the ADC map should be assessed because 
some tumors are diagnosed only on the ADC 
maps, and others are visible only on the DWI 
images [110]. Most studies showed that DWI is 
a very useful and it can increase sensitivity by 
10-25% in the diagnosis of prostate cancer 
[111-113]. From the point of view about techni- 
cal aspect, to optimize the discrimination of 
prostate cancer from benign tissue using ADC, 
Kim et al. and Metens et al. suggested b values 
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of 1000 to 1500 s/mm? to be the most helpful 
[114, 115]. 

Because ADC values are lower in BPH, usu- 
ally located in transition zone, than in the periph- 
eral zone, the accuracy for detection of prostate 
cancer in the transition zone is significantly lower 
and even lower in the prostate base [116]. And 
DWI must be evaluated together with T2-weighted 
imaging especially when assessing the central 
portions of the prostate gland to avoid confusing 
the BPH and prostate cancer [112]. 

Several studies showed that DWI can also 
reflect the information regarding the aggres- 
siveness of prostate cancer. They have shown a 
correlation between the ADC and the Gleason 
score [117, ]. ADC value in cancer has a 
negative correlation with the Gleason score, 
and low ADC values were seen primarily in 
high-grade aggressive prostate cancers [111], 

]. Some researchers reported that DWI may 
play a potential role in differentiating low- 
grade tumor with Gleason score of 6 from high- 
grade tumor with Gleason score of more than 7 
(4+3) (117, 120, 121]. 

In conclusion, DWI is a fast and simple tech- 
nique in the point of not only increasing accuracy 


Fig. 3.19 Apical prostate cancer seen on diffusion- 
weighted imaging. (a) T2-weighted axial scan shows 
irregular marginated low signal intensity lesion surround- 
ing prostatic urethra (arrows). (b) Apparent diffusion 


coefficient (ADC) map image shows signal drops of pros- 
tate apex (arrows). This lesion was confirmed as prostate 
cancer after prostatectomy 
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in detection but also providing additional quanti- 
tative information that correlates with aggres- 
siveness of prostate cancer. 


3.5.3 Dynamic 
Contrast-Enhanced MRI 


Dynamic contrast-enhanced (DCE) MRI is a fast 
T1-weighted imaging technique that dynamically 
measures a bolus pass of an intravenously admin- 
istrated MR contrast agent through the prostate 
and cancer [13]. The goal of DCE imaging is to 
capture the passage of contrast material into and 
out of the prostate using T1 WI with high tempo- 
ral resolutions. In DCE acquisition, the temporal 
resolution is fast enough to capture the rapid 
increase of signal within the first 30 s of contrast 
administration. 

Contrast-enhanced MRI sequences can be 
used to assess the vascularity and permeability of 
tissues. Usually fast Tl-weighted gradient echo 
sequences with a temporal resolution of 4-10 s 
are used in prostate imaging [57]. Prostate can- 
cers are characterized by early washin (early 
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peak enhancement) and early washout compared 
to normal prostate tissue [122]. 

For its nutrient and oxygen supply, a tumor 
rapidly forms new networks of tumor vessels 
named of neo-angiogenesis. In tumor tissue, 
these vessels made from tumor angiogenesis are 
often leaky or incomplete, which makes it easier 
for a contrast agent to extravasate into the extra- 
vascular extracellular space. In this extracellular 
space, the gadolinium-based contrast agent 
increases the signal intensity of T1l-weighted 
images. 

DCE-MRI measures the  time-intensity 
curves passing through the prostate by repeat- 
edly acquiring Tl-weighted images at high 
temporal resolution with the order of seconds 
(Fig. ). These time-intensity curves can be 
described semiquantitatively or modeled into 
pharmacokinetic parameters. The parameters 
of semiquantitative measurement include the 
start of enhancement, washin gradient, maxi- 
mum enhancement, time to peak, washout gra- 
dient, and area under the gadolinium curve. 
And the pharmacokinetic parameters after the 
fitting to a pharmacokinetic model include 


Fig. 3.20 Dynamic contrast-enhanced (DCE) MRI of prostate cancer. DCE images show early enhancing lesion in 
apex (arrows) comparing contralateral portion 
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forward leakage rate, washout rate constant, 
and leakage space [123]. 

For example, on the basis of enhancement 
curves, gadolinium concentrations in tissue and 
tissue transport constants in the direction of the 
tumor interstitium (K,,.,;) and back in the direc- 
tion of the blood plasma (K.p) can be calculated 
using two-compartment Tofts model [124]. 

For an accurate assessment of the model 
parameters, an arterial input function is needed 
that describes the shape of the contrast bolus 
arriving at the prostate. Tumor tissue of the pros- 
tate is characterized by increased pharmacoki- 
netic parameters compared with healthy tissue. 

DCE-MRI has been shown to be of use in 
detection and staging of prostate cancer within a 
multiparametric protocol [97, 125, 126] and is 
especially useful in follow-up after systemic 
treatment [127, 128]. Even though the currently 
available studies do not provide a clear conclu- 
sion regarding the improvement of prostate can- 
cer detection via DCE, some studies were able to 
show an improvement of the diagnostic accuracy 
of conventional MRI (T2-weighted and 
Tl-weighted images) when supplemented by 
DCE imaging [129, 130]. 

As with other imaging technologies, DCE also 
has a problem in differentiating hyperplastic nod- 
ules in BPH from prostate cancer. Because BPH 
nodules can enhance and wash out quickly like 
prostate cancer, Kyran; and Kep can be increased 
and limit the sensitivity and specificity of DCE in 
diagnosing prostate cancer [131]. In addition, 
inflammation can often have greater vascularity 
and tissue permeability, which confuse the diag- 
nosis of prostate cancer. 

In spite of these limitations, using DCE, the 
local staging of prostate cancer and the detection 
of local tumor relapses after definitive therapy 
can be significantly improved with good tempo- 
ral resolution [127, 132]. 


3.5.4 MR Spectroscopy 
MR spectroscopy (MRS) analyzes the chemical 


substances in an organ. The normal prostate 
gland produces citrate-containing secretion, 
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resulting in high citrate content and a low cho- 
line level. A high concentration of citrate is 
unique to the prostate, and it plays an important 
role in normal physiological function of the 
gland [30]. Measured in parts per million (ppm), 
citrate, creatine, and choline-containing com- 
pounds appear at 3.2, 3.0, and 2.6 ppm with 
respect to the water resonance at 4.7 ppm [93]. 
In prostate cancer, the choline level is signifi- 
cantly elevated, and the citrate content is reduced 
due to the metaplastic processes of the cell mem- 
branes (Fig. 3.21). Increased concentrations of 
choline-containing metabolites are related to an 
increased cell turnover and have also been asso- 
ciated with the presence and progression of pros- 
tate cancer [133]. The relationship between these 
two metabolites can be used as a measure of 
malignancy [134]. At common clinical field 
strengths, even though it is difficult to differenti- 
ate choline peaks from creatine peaks on the 
spectra, the ratio of choline plus creatine to 
citrate is used as a metabolic biomarker for pros- 
tate cancer [135]. 

MRS increases the diagnostic accuracy of the 
morphological MRI examination from 52 to 75 % 
[136]. The European Society of Urogenital 
Radiology (ESUR) suggested Prostate MR 
Guidelines 2012 using either a qualitative or a 
quantitative approach for interpreting prostate 
MRS. The qualitative approach is based on visual 
analysis of the citrate and choline/creatine peaks. 
If the choline/creatine peak is higher than the 
citrate peak in at least three adjacent voxels, pros- 
tate cancer is suspected. In the quantitative 
approach, the areas of the peaks are measured, 
and choline plus creatine-to-citrate ratios higher 
than 0.72 in at least two adjacent voxels are con- 
sidered to indicate malignant tissue, whereas 
ratios between 0.58 and 0.72 are considered 
ambiguous [57]. 

For the good spectral resolution, a homoge- 
neous magnetic field and sufficient suppression of 
the fat and water signal during the measurement is 
needed in MRS measurements. In addition to 
sequence adjustments, MRS usually requires 
multiple shimming steps and saturation bands 
around the prostate for optimal information. 
Evaluation and interpretation of MRS are very 
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Fig. 3.21 MR spectroscopy (MRS) of prostate cancer. 
Note that the choline peak is increased in the box area 
(arrows). The lesion was confirmed as prostate cancer 


complex and often only possible after appropriate 
physical adjustments. Because of these technical 
requirements, complexity of interpretation, and 
significant time investment, MR spectroscopy 
will remain limited in its daily use. 


3.5.5 Multiparametric MRI 


Multiparametric MRI incorporates several differ- 
ent imaging modalities including T2WI, DWI, 
and DCE to assess potential lesions in the prostate 
(Fig. 3.22). In prostate MR imaging, no single 
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(Gleason score, 7) after prostatectomy (Courtesy of prof. 
Chan Kyo Kim, Samsung Medical Center) 


technique is able to adequately detect and charac- 
terize prostate cancer. T2-weighted image shows 
the best tissue contrast for the detection, localiza- 
tion, and staging of prostate cancer, which has 
shorter T2 comparing normal prostate tissues. 
However, other process such as prostatitis or BPH 
can also show T2 shortening. Although the image 
quality is not so good as T2-weighted image, 
DWI provides the information regarding 
Brownian motion of water molecules. Because 
free water motion is generally restricted within 
cancer tissue, DWI is an essential component of 
mpMRI (Fig. 3.22). 
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Fig. 3.22 Multiparametric MR images of prostate can- 
cer. T2-weighted (a), Kep map (b), Ktrans map (c), and 
ADC map (d) images show focal abnormal lesion on 
right peripheral zone of prostate (arrows). This patient 


Modern MRI studies often incorporate a 
combination of the several MR techniques 
including T2-weighted imaging, DWI, DCE, 
and MRS. The combination of anatomic T2W 
images and the functional techniques has been 
shown to increase the predictive power of MRI 
for detection and staging of prostate cancer 
[93]. ESUR prostate MR guideline suggests the 
use of T2W images plus two functional tech- 
niques [137]. 


underwent radical prostatectomy and confirmed as pros- 
tate cancer with Gleason score of 7 (Courtesy of prof. 
Chan Kyo Kim, Samsung Medical Center) 


There are several reports about the clinical 
results of mpMRI. Tanimoto et al. reported a 
significant increase in the area under the 
receiver operating curve (AUC) for the detec- 
tion of prostate cancer as they evaluated a pro- 
tocol with T2W images only (AUC=0.711), a 
protocol combining T2W imaging and DWI 
(AUC =0.905), and finally a more complete 
protocol including T2W imaging, DWI, 
and DCE (AUC=0.966) [138]. Turkbey and 
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colleagues also reported a higher sensitivity for 
the combination of T2W images, MRS, and 
DCEI than for each sequence alone [139]. 

The advantages of mpMRI are achieved by 
combining the information obtained with the 
various techniques. Software for the evalua- 
tion of two or more multiparametric images in 
one view is developed for the integrated inter- 
pretation of anatomic and functional findings. 
In addition, supportive techniques such as 
computer-aided diagnosis are needed to 
achieve fast and reliable diagnosis from large 
complex data [140-142]. For the more com- 
mon usage of mpMRI, the education, experi- 
ence, and dedications of radiologists are 
essential [143]. 


3.5.6 MRPI-RADS 


In 2012, the ESUR created the magnetic reso- 
nance prostate imaging reporting and data sys- 
tem (MR PI-RADS) as part of its MRI 
guidelines for prostate imaging [57]. They sug- 
gested a standardized method for reporting 
mpMRI of the prostate for the detection of 
prostate cancer. 

Based on criteria according to PI-RADS, 
every lesion suspicious for tumor within the 
prostate is assigned a point value between 1 
and 5 for mpMRI, usually consisting of T2W, 
DWI, and DCE. A value 1 means that a lesion 
is probably benign, while a value 5 indicates a 
high probability of malignancy. Total point 
value is calculated for every lesion suspicious 
for tumor [144]. Thus, a probability statement 
regarding the presence of a clinically signifi- 
cant prostate cancer should be possible. Many 
studies reported good and reproducible diagno- 
sis accuracy [145-147]. In 2015, they revised 
PI-RADS to PI-RADS v2. The difference point 
of PI-RADS vl and v2 is that the primary 
determining sequence is different according to 
the zone in v2. According to PI-RADS v2, for 
the peripheral zone, DWI is the primary deter- 
mining sequence; on the contrary, for the tran- 
sition zone, T2-weighted image is the primary 
determining sequence. 


Fig. 3.23 MR-guided biopsy using MR-compatible 
device in the magnet. MR compatible endorectal device is 
inserted into the rectum, and the location of the needle can 
be confirmed in MR magnet (arrows) (Courtesy of Prof. 
Chan Kyo Kim, Samsung Medical Center) 


3.5.7 MRI-Guided Biopsy 


If patients have negative results after TRUS- 
guided biopsy with clinically suspicion of pros- 
tate cancer, MRI can be used to detect suspicious 
areas to be targeted during TRUS-guided biop- 
sies. Three different methods are suggested in 
MR-guided biopsy. The first one is to use fusion 
software for MRI and TRUS images during 
TRUS-guided biopsy procedure, which is the 
most common method using MRI. The second 
one is direct targeting in the magnet using MRI 
compatible devices (Fig. 3.23). The last one is 
cognitive targeting in which the operator reviews 
the MRI images before TRUS-guided prostate 
biopsy and tries to target the suspected area dur- 
ing the TRUS-guided biopsy [10]. 

Many literatures about image-guided biopsy 
of prostate using MRI images revealed that most 
studies reported superior performance than ran- 
dom systematic biopsies [100]. Haffner et al. 
reported a higher diagnostic accuracy for the 
detection of significant cancer than random sys- 
tematic biopsies when they used cognitively tar- 
geted biopsies (0.98 vs. 0.88, respectively) [148]. 

In random systematic biopsies, the tumors 
located at low apical and anterior prostate are 
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difficult to detect. Anteriorly located prostate 
tumors account for about 21 % of all prostate can- 
cers and are more often missed on systematic 
biopsies [149]. A study using mpMRI-targeted 
biopsy revealed that the accuracy of prostate 
biopsy on anterior tumors was about 98 %, com- 
paring 46 % in random systematic biopsies [150]. 
Clinically, under the situation of elevated PSA 
and a negative biopsy, the option to perform the 
repeat biopsy using direct or indirect MRI- 
guiding can be suggested. 


3.5.8 MRI for Active Surveillance 


Active surveillance is defined as the initial 
expectant management, with close follow-up and 
selective delayed intervention for the subset of 
patients reclassified over time as at higher risk for 
progression, based on clinical, pathological, or 
molecular parameters [151]. The criteria of active 
surveillance include Gleason <6, PSA <10 ng/ 
ml, and fewer than three positive biopsies. All 
core biopsies should not contain more than 50 % 
cancer involvement. mpMRI can play a signifi- 
cant role in identifying suitable patients [152]. 

Recently, as alternatives to the prostatectomy, 
a number of minimally invasive, focal, organ- 
preserving methods have been introduced. These 
methods include focal tumor ablation using cryo- 
ablation, high intensity-focused ultrasound 
(HIFU), or laser-induced ablation [153]. The 
main advantages of these treatments are to avoid 
postoperative complications such as incontinence 
and impotence. Advanced imaging technologies 
including mpMRI made it possible to determine 
the exact location of relevant tumor foci and to 
guide focal therapies [153]. 


3.5.9 MR Imaging of Treated 
Prostate Cancer 


The treatment options of prostate cancer include 
radical prostatectomy, radiation therapy, 
androgen-deprivation therapy, or focal therapy 
such as cryotherapy or HIFU. Radical prostatec- 
tomy has been performed for more than a century 
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and the most common treatment choice in 
patients with organ-confined disease [154]. MRI 
after radical prostatectomy reveals low signal 
intensity at anastomotic site. These lesions sug- 
gest postoperative scarring. Sometimes the 
remained seminal vesicles are observed in about 
20% of patients after prostatectomy [155]. The 
presence of soft tissue showing iso-signal inten- 
sity on T1-weighted image and slightly hyperin- 
tense signal intensity on T2-weighted image at 
prostatectomy site strongly suggests the tumor 
recurrence. The most common site of prostate 
cancer recurrence is around vesicourethral anas- 
tomosis around urinary bladder and membranous 
urethra [127]. In most cases, it is possible to dif- 
ferentiate the tumor recurrence at anastomotic 
site and postoperative fibrosis. On DCE-MRI, 
recurrent tumor tends to early enhancement and 
early washout pattern, while postoperative 
changes tend to show no enhancement or mild 
enhancement in the venous phase (Fig. 3.24). 

Radiation therapy is another option alternative 
to prostatectomy. It is known that about 25 % of 
patients with prostate cancer undergo radiation 
therapy [156]. Three-dimensional conformal RT 
is introduced [157]. The computer modifies the 
radiation beams to focus the region of the pros- 
tate. Intensity-modulated radiation therapy is one 
of the most sophisticated types of radiation ther- 
apy. Brachytherapy, in which radioactive seeds or 
needles are implanted directly into the prostate 
gland and sometimes into the surrounding tis- 
sues, is one of radiation therapy. After radiation 
therapy, MR study reveals that the entire prostate 
and seminal vesicles show marked decreased size 
and low signal intensity on T1- and T2-weighted 
images. The whole prostate, including central 
zone, transitional zone, and peripheral zone, is 
not distinct and shows low signal intensities. The 
recurrent tumor after radiation therapy typically 
shows a nodular lesion of lower signal intensity 
than adjacent normal prostate [158]. Restricted 
diffusion on DWI or rapid enhancement on DCE- 
MRI suggests the presence of tumor recurrence 
[158]. 

Androgen deprivation therapy has been used 
in patients with metastasis, increasing PSA levels 
after local treatment or advanced disease. 
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Fig.3.24 Prostate cancer recurrence after prostatectomy. 
(a) T2-weighted axial scan shows slightly high signal 
intensity lesion at anastomotic site (arrows). (b) Post- 
contrast T1l-weighted image shows well-enhancing mass- 


Androgen deprivation therapy can be performed 
surgically or pharmacologically [159]. The MRI 
findings of after-androgen-deprivation therapy 
are similar to those after radiation therapy. The 
size and the signal intensity of prostate are 
decreased (Fig. ). However, the radiation 
therapy-induced changes in adjacent organs are 
not definite [158]. 

Especially, MRI plays an important role not 
only in localized prostate cancer but also in 
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like lesion at anastomotic site (arrows). (c) ADC map 
shows decreased signal intensity lesion at anastomotic 
site. TRUS-guided biopsy revealed that this lesion was 
prostate cancer with Gleason score of 9 


evaluating the recurrence after prostatectomy, radi- 
ation therapy, or androgen-deprivation therapy. 


3.5.10 Hyperpolarized MRI 


Hyperpolarized °C MRI is a new technique that 
enhances signal tens of thousandfold [160]. For 
13C imaging, the polarization mixture typically 
contains the '%C-enriched substrate, free radical, 


Fig. 3.25 Prostate MR imaging after hormone therapy. 
This 85-year-old man underwent hormone therapy for 1 
year since he was diagnosed as prostate cancer. (a) 
T2-weighted axial scan shows atrophic changes of pros- 


gadolinium, and glassing material. Chen et al. 
reported their initial experience about hyperpo- 
larized C metabolic imaging of mice with trans- 
genic adenocarcinoma of the prostate (TRAMP) 
using hyperpolarized 'C-pyruvate. They found 
that highly elevated lactate signal in later-stage 
prostate tumors. In case of advanced prostate 
cancer, the level of lactate signal is increased 
with tumor progression and correlated with histo- 
logic grade [160]. 


3.5.11 The Future of Prostate MR 


There are a number of ongoing technical 
developments that may have an impact on the 
evaluation of prostate. The development of 
ultrahigh-field MR systems such as 7 T showed 
the possibilities for potentially higher spatial 
and spectral resolution [137], diffusion tensor 
imaging (DTI) [161], and multi-b-factor 
approaches to access multicomponent diffusion 
information. Hyperpolarized C MRI showed 
the potentials for direct observation and mea- 
surement of dynamics within the biochemical 
pathways in normal and abnormal prostate 
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tate. The signal intensity of prostate is low regardless of 
the zone. (b) The seminal vesicle also shows atrophic 
changes and obliteration of seminal vesicle lumen 
(arrows) 


metabolism [162]. MR elastography that com- 
bines the principles of ultrasound elasticity and 
MRI to make measures of the “elasticity or stiff- 
ness” of prostate tissues has been demonstrated 
[163, 164]. Even though these techniques have 
technical challenges, they show potentials for 
exact localization of the prostate cancer by 
advanced techniques and for getting the repre- 
sentative prostate tissue by advanced image- 
guided biopsy techniques. 


3.6 PET-CT 

PET/CT is a widely used molecular imaging 
modality. "F-FDG, glucose metabolism targeting 
radiotracer, is the main radiotracer for oncologic 
study. Enhanced glucose metabolism, Warburg 
effect, is one of the hallmarks in cancer [165], 
though it is not a cancer-specific phenomenon. 
The clinical utility of oncology PET using FDG 
has been proven in staging and restaging of 
malignant tumors such as the head and neck, 
lung, breast, and colorectal cancers, malignant 
lymphoma, and melanoma [166]. FDG-PET is 
capable of visualizing malignant tumors and 


3 Prostatic Tumors 


123 


Fig. 3.26 FDG-PET has a limited role in detecting 
malignant tumors of the prostate. However, it may be 
helpful in patients with suspected poorly differentiated 
prostate cancer and higher serum PSA levels. A 64-year- 
old man presented with nocturia/hematuria and elevated 


associated lymph nodes and distal metastatic 
sites in a single test. However, '*F-FDG-PET has 
a limited role in primary diagnosis and staging of 
the prostate cancer due to not only overlap accu- 
mulation of normal and abnormal prostate tissue 
but also the intrinsic metabolic alteration of pros- 
tate cancer itself [167]. There is limited data on 
the use of FDG-PET/CT in initial staging of pros- 
tate cancer because of the general low avidity of 
FDG for the primary prostate cancer [168]. But, 
FDG-PET is not generally recommended in the 
diagnosis or staging of clinically organ-confined 
disease due to overlap of uptake among normal, 
benign, and tumor tissues and the high excreted 
radiotracer in the adjacent urinary bladder [169]. 
However, FDG-PET may be useful in patients 
with suspected poorly differentiated primary 
tumors (Gleason sum score above 7) and higher 
serum PSA level [170] (Figs. 3.1 and 3.26). In the 
early analysis of the National Oncologic PET 
Registry (NOPR) data in the Unites States for ini- 
tial staging of prostate cancer, FDG-PET/CT had 
an impact on clinical management in 32 % (95 % 
CI: 30.0-34.1 %) [171]. 

In recent years, lipogenesis targeting radio- 
tracer, such as '|'C-choline or !'C-acetate upregu- 
lated in malignant cells, has shown potential 


serum PSA level of 19.7 ng/mL. FDG-PET/CT (a) shows 
focal hypermetabolism (3.7 of SUVmax, arrow) corre- 
sponding the lesion of low signal intensity (arrow) on 
T2-weighted MRI (b). Prostate adenocarcinoma was con- 
firmed on pathology with Gleason score of 7 (4+3) 


usefulness in brain, prostate, and esophageal can- 
cers because of enhanced synthesis of membrane 
phospholipids [172]. Both !'C-choline and 
'8F-fluorocholine (FCH) have been studied for 
prostate cancer. ''C-choline has the advantage of 
low excreted urine activity. '8F-fluorocholine has 
the advantage of longer half-life that facilitates 
regional tracer distribution without the need of 
on-site cyclotron and radiochemistry facilities 
[173]. '8F-FCH PET/CT reveals promising but 
limited evidence for primary prostate cancer 
staging and has been known to be useful for 
detection of locoregional and distant metastasis 
of recurred prostate cancer [172, 174] (Fig. 3.27). 
A systematic review and meta-analysis by 
Umbehr et al. of !'C-choline and '8F-fluorocholine 
PET for the initial staging of prostate cancer 
reported a pooled sensitivity and specificity of 
84% and 79 % on a per-patient basis (10 studies, 
n=637 patients, respectively) [175, 176]. The 
uptake of choline tracers in prostate cancer is 
higher than that of prostate hyperplasia, but there 
is still overlap between the prostate cancer and 
benign disease [177]. 

Other kinds of molecular imaging targets 
have been proposed in order for more spe- 
cific to prostate cancer. Anti-1-amino-3-!8F-- 
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Fig. 3.27 A 84-year-old patient performed 18F-FCH 
PET/CT in suspicion of prostate cancer recurrence. Serum 
prostate-specific antigen (PSA) level increased from 2.3 


fluorocyclobutane-1-carboxylic acid (anti-!8F- 
FACBC) is a synthetic non-metabolized amino 
acid analog that accumulates in prostate cancer 
via overexpression of the ASC (alanine, serine, 
and cysteine) transport system and other amino 
acid transport systems [178]. 'F-fluoro-5a- 
dihydrotestosterone (!8F-FDHT) is a labeled 
analog targeting the androgen receptor, which 
plays an important role in the development, 
growth, and maintenance of the prostate gland 
[179]. PSMA is a type II cell surface trans- 
membrane glycoprotein (also known as folate 
hydrolase I or glutamate carboxypeptidase II) 
upregulated in prostate cancer, providing a 
promising molecular target for diagnostic 
imaging and directed therapy labeled with 
radionuclide such as Lu or Y [180]. 
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to 57.3 ng/ml. On 18F-FCH PET/CT, paraaortic lymph 
nodes metastasis (a, b, arrow) and T8 spine metastasis 
(c, d, arrow) are detected 


Another approach is to use the multimodal, 
multiparametric imaging for the prostate cancer. 
Simultaneous PET/MRI has been developed 
lately and expected to be a better diagnostic 
imaging modality by combining functional, 
molecular, and morphological information. 
Moreover, it is expected to be valuable than 
PET/CT in the aspect of one-stop imaging with 
low radiation exposure and good soft tissue con- 
trast resolution [181]. Combined PET/MR imag- 
ing could facilitate the use of MRI-assisted 
metabolic parameters or PET-guided multipara- 
metric imaging analysis for the precise identifi- 
cation of targeted lesions and appropriate method 
for diagnosis and therapy planning of the pri- 
mary prostate cancer [182] (Fig. 3.28). 
Simultaneous acquisition of multiparametric 
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Fig. 3.28 A 77-year-old patient performed 18F-FCH 
PET/MRI for initial staging of prostate cancer. Axial 
T2-weighted MRI (a) shows low signal intensity (arrow) 
in the prostate cancer, with diffusion restriction (arrow) 


MR and PET images with an appropriate radio- 
tracer may be particularly valuable for identify- 
ing high-yield candidate biopsy sites that could 
reduce false-negative initial and repeated biop- 
sies [183, ]. 

In summary, FDG-PET has been evaluated 
with promising and disappointing results in 
the field of urologic cancer [ y ]. PET as 
molecular imaging and PET/MRI with dual 


on the ADC map (b). 18F-FCH PET (c) and PET/MRI (d) 
demonstrated concordant results (arrow) with a possible 
application of MRI-assisted metabolic-volumetric PET 
quantification 


tracers and multiparametric approaches are 
challenging fields to be applicable to all clini- 
cal phases of prostate cancer with the concept 
of precision and personalized medicine [173, 

]. Additional potential applications may 
include not only the assessment but also 
the deciphering of new insights into the bio- 
logic changes induced by various novel 
therapies [176]. 
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3.7 Pathology of Prostate Cancer 


3.7.1 Acinar Adenocarcinoma 

3.7.1.1 Macroscopy 

Grossly prostatic adenocarcinoma is a hard, yel- 
low, or whitish nodule (Fig. 3.29). But fre- 
quently, prostatic adenocarcinoma is not 
distinguishable grossly, and tumor border is also 
not evident. Prostatic acinar adenocarcinoma 
mainly arises in the peripheral zone (posterior 
and posterolateral side) and is frequently multi- 
focal [185-187]. 


Fig.3.29 On the cut surface of prostatectomy specimen, 
a vague yellow to whitish nodule (arrow) is found in the 
left lobe. Grossly prostatic adenocarcinomas are fre- 
quently ill-defined 
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3.7.1.2 Microscopy 

Microscopic appearance of acinar adenocarcino- 
mas varies according to their differentiation. 
Well-differentiated tumors show aggregation of 
well-formed small glands with infiltration 
between benign glands (Fig. 3.30a). Poorly dif- 
ferentiated tumors reveal poorly formed glands, 
glandular fusion, cribriform glands, single cells, 
cords, or solid tumor nests (Fig. 3.30b). 

Two differences between malignant and 
benign prostatic glands help the pathological 
diagnosis of prostatic adenocarcinoma. First, 
malignant glands have prominent nucleoli. 
Second, basal cells are not present in malignant 
glands (Fig. 3.31a). Loss of basal cells is readily 
identifiable by immunohistochemical staining for 
basal cells. High-molecular-weight cytokeratin 
and p63 are widely used for basal cell marker 
(Fig. 3.31b) [188, 189]. 


3.7.1.3 Gleason Grading 

The Gleason grading system is widely used 
grading system of prostatic adenocarcinoma. 
It was firstly developed by Gleason in 1966 
[190, 191]. This grading system described five 
basic architectural patterns of carcinoma 
glands, and each pattern is scored from | to 5. 
In resection specimen, the Gleason grade is 
defined as the sum of most common and sec- 
ond common patterns, and this sum is reported 
as Gleason score [192]. 


Fig. 3.30 (a) Infiltrations of small well-formed carcinoma glands (arrows) between normal glands are found in well- 
differentiated adenocarcinoma. (b) Poorly differentiated adenocarcinoma shows cribriform glands 


3 Prostatic Tumors 


This grading system has been modified sev- 
eral times. Recently, International Society of 
Urological Pathology (ISUP) 2005 consensus 
conference proposed some modification in 
Gleason grading system. This modification 
includes criteria of Gleason pattern, grading of 
variants of prostatic adenocarcinoma, and report- 
ing of secondary and tertiary pattern. 

According to the 2005 ISUP modified Gleason 
system [192], Gleason patterns are defined as 
below: 

Pattern 1 is defined as a well-circumscribed 
nodule of closely packed, well-formed, medium- 
sized, round to oval glands. The glands are usu- 
ally larger than pattern 3, and there is no 
infiltration into adjacent benign glands. This pat- 
tern is very rare. Pattern 2 is defined as fairly cir- 
cumscribed nodule with minimal infiltration 
(Fig. 3.32a). The tumor glands shows more size 
variation and are more loosely arranged than pat- 
tern 1. Pattern 3 is defined as well-formed indi- 
vidually discrete glands with infiltration between 
benign glands (Fig. 3.32b). More size variation is 
present than pattern 1 or 2. Small cribriform 
glands with smooth margin are also included in 
this pattern. Pattern 3 is the most common pat- 
tern. Pattern 4 includes fused microacinar glands 
(Fig. 3.32c), ill-defined glands with inconspicu- 
ous lumina (Fig. 3.32d), and large cribriform 
glands (Fig. 3.32e). Pattern 5 is defined as tumors 
with no glandular differentiation. It consists of 
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solid sheets (Fig. 3.32f), cords, or aggregation of 
single cells (Fig. 3.32g). Cribriform pattern with 
central comedonecrosis is also included in pat- 
tern 5 (Fig. 3.32h). 


3.7.1.4 Variants of Acinar 
Adenocarcinoma 

Some morphologic variants are present such as 

atrophic variant (Fig. 3.33a, b), pseudohyperplas- 

tic variant (Fig. 3.33c, d), and foamy gland vari- 

ant (Fig. 3.33e). 


3.7.1.5 High-Grade Prostatic 
Intraepithelial Neoplasia 

High-grade prostatic intraepithelial neoplasia 
consists of atypical cells confined to preexisting 
prostatic duct or acini (Fig. 3.34a, b). The abnor- 
mal cells resemble adenocarcinoma cells fre- 
quently showing prominent nucleoli. This lesion 
has intact basal cell layer, and is frequently found 
around prostatic adenocarcinoma. High-grade 
prostatic intraepithelial neoplasia is regarded as a 
precursor for prostatic adenocarcinoma. 


3.7.2 Other Carcinomas 


3.7.2.1 Ductal Adenocarcinoma 

Histologic feature of ductal adenocarcinoma is 
somewhat different from acinar adenocarcinoma. 
This tumor shows large papillary or cribriform 


Fig. 3.31 (a) Malignant glands of prostate show prominent 
nucleoli and loss of basal cells. (b) Immunohistochemical 
staining for basal cell markers (high molecular weight 


cytokeratin and p63 cocktail) shows loss of basal cells in 
carcinoma glands (arrows). Adjacent normal glands have 
basal cells positively stained with basal cell markers 


Fig. 3.32 (a) Gleason pattern 2 shows relatively well- 
circumscribed mass with minimal infiltration and size 
variation of tumor glands. (b) Gleason pattern 3 shows 
infiltration of well-formed tumor glands (arrows) between 
benign glands (arrow heads). Gleason pattern 4 includes 


H.J. Lee et al. 


(c) fused glands, (d) ill-defined glands with inconspicuous 
lumina, and (e) cribriform glands. Gleason pattern 5 
includes (f) solid growth pattern, (g) tumor cell cords or 
single cells, and (h)  cribriform glands with 
comedonecrosis 
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Fig. 3.33 Variants of prostatic adenocarcinoma. (a, b) 
Atrophic variant shows malignant tumor glands with 
scanty cytoplasm (arrow) (a), and these glands reveal the 
loss of basal cells in immunohistochemistry for basal cell 
markers, indicating their malignant feature (b). (c, d) 
Pseudohyperplastic variant shows large glands with papil- 


lary infoldings mimicking benign hyperplastic glands (c), 
but loss of basal cells in immunohistochemical staining 
for basal cell markers confirms the diagnosis of adenocar- 
cinoma (d). (e) Foamy gland carcinoma reveals character- 
istic abundant foamy cytoplasm with relatively small 
nuclei 
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Fig. 3.34 Microscopic findings of high-grade prostatic 
intraepithelial neoplasia (HGPIN). (a) HGPIN in this 
photograph shows large glands with papillary infoldings 
(arrow). The lining cells occasionally show prominent 


Fig. 3.35 Ductal adenocarcinoma consists of tall colum- 
nar cells with pseudostratification. This case shows cribri- 
form pattern 


architecture (Fig. 3.35). The tumor cells are tall 
columnar cells with pseudostratification. Basal 
cells are not present. This tumor is classified as 
Gleason pattern 4. 


3.7.2.2 Urothelial Carcinoma 

Urothelial carcinoma of prostate is developed in 
prostatic urethra or  periurethral glands. 
Morphologic features are identical to bladder 
urothelial carcinoma. 


3.7.2.3 Small Cell Carcinoma 
Small cell carcinoma can be developed in pros- 
tate. Histologic features of small cell carcinoma 


nucleoli. Adenocarcinoma glands are found adjacent 
HGPIN. (b) Immunohistochemical staining for basal cells 
shows preserved basal cell layer in HGPIN 


Fig. 3.36 Small cell carcinoma of prostate shows identi- 
cal morphology to small cell carcinoma of other sites 


of prostate are similar to small cell carcinoma of 
other sites. Microscopically tumor cells have 
scanty cytoplasm with round nuclei and “salt and 
pepper” nuclear chromatin pattern (Fig. 3.36). 
Necrosis is quite common. Tumor cells express 
the neuroendocrine markers. 


3.8 Staging 

The information about the staging is essential 
because it influences the treatment plans and 
guessing the prognosis and disease spread. The 
clinical parameters such as pretreatment PSA 
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Fig. 3.37 Prostate cancer with periprostatic invasion. 
T2-weighted axial image shows irregular contour bulging 
lesion in left peripheral zone, suggesting periprostatic 
invasion (arrows) 


level, rate of rise or doubling time, Gleason score, 
clinical T staging, and volume of disease detected 
on biopsy are also important in evaluating stages. 
Imaging modalities commonly used for the pros- 
tate include MR, CT, radioisotope bone scan, and 
positron emission tomography (PET). Local 
staging about periprostatic invasion is usually 
performed by digital rectal examination (DRE) 
and MRI (Fig. 3.37). Regional staging in pelvic 
area is performed by either CT or MRI. And CT 
or bone scan are used for the evaluation of distant 
metastasis, metastatic lymphadenopathy, or bone 
metastasis (Fig. 3.38). In addition, clinical or 
laboratory data including PSA level or Gleason 
score can also yield useful information for evalu- 
ating tumor stage. 

For the staging of prostate cancer, the evalua- 
tion of seminal vesicle seen on MR is very impor- 
tant (Fig. 3.39). For the evaluation of seminal 
vesicle invasion, MR is the most commonly used 
modality. Jung et al. suggested six categories 
according the shape of seminal vesicle. Among 
six groups, the groups with apparent mass with 
destructive architecture or focal asymmetric low 
signal intensity lesion within the seminal vesicle 
without definite mass showed high positive pre- 
dictive values [193]. 

The American Joint Committee on Cancer 
(AJCC) staging is a widely used staging system 
in prostate cancer [194]. Stage T1 is clinical 
staging defined as “clinically inapparent tumor 


neither palpable nor visible by imaging.” 
Pathologic stage T2 means tumors confined to 
prostate. pT3 includes extraprostatic extension 
(pT3a) (Fig. 3.40a) and seminal vesicle invasion 
(pT3b) (Fig. 3.40b). pT4 is tumors with invasion 
of an adjust organ such as the rectum, levator 
muscle, or pelvic wall. 


3.9 


Treatment of Prostate 
Cancer 
3.9.1 Active Surveillance 


3.9.1.1 Introduction 

Widespread prostate cancer screening, which 
uses DRE and PSA, has led to increase the detec- 
tion of low-volume, low-grade disease, namely, 
clinically insignificant prostate cancer (CIPC) 
[195]. Immediate definitive treatment for CIPC 
may give rise to unnecessary complications 
related to treatment. In the light of these points of 
view, active surveillance (AS) can redeem the 
problems of overdiagnosis and overtreatment 
resulting from early diagnosis of prostate cancer 
[196]. Therefore, AS has been universally con- 
sidered to be a therapeutic modality in low-risk- 
localized prostate cancer. Given that active 
intervention is performed if there is clear evi- 
dence of progression of the cancer during obser- 
vation period, AS is a distinct therapeutic 
modality from previous expectant management 
or watchful waiting [197]. In other words, the 
objective of AS is to conduct a definitive therapy 
with curative intent in patients who show clear 
signs of cancer progression and to reduce 
treatment-related complications in patients with a 
low possibility of progression during observation 
period. 


3.9.1.2 Definition of CIPC 

CIPC generally refers to “low-risk” prostate can- 
cer. Many physicians and patients take into 
account AS for selected low-risk prostate can- 
cers. In fact, one of the major controversies in AS 
may be a definition of the CIPC [198]. The crite- 
ria stratifying the risk of prostate cancer have 
been suggested by several investigators 
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Fig.3.38 Prostate cancer with SV invasion. T2-weighted 
axial scan (a) and coronal scan (b) reveals destruction of 
seminal vesicle wall and mass-like low signal intensity 


(Table ). However, caution should be taken 
when assessing the CIPC using these criteria. In 
several studies utilizing the postoperative patho- 
logic findings, it was reported that approximately 
8 % of prostate cancers which were classified as 
CIPC on the basis of Epstein criteria were not 
localized within the prostate [199, |. The con- 
sensus, which early detected CIPC as a result of 
serum PSA testing has no significant effect on 
clinical outcomes of the patients with life expec- 
tancy of less than 20 years, has been reached 
among NCCN guideline panels [201]. 


lesion in left seminal vesicle (arrows). (c) ADC image 
also reveals signal drop, suggesting diffusion restriction 


3.9.1.3 Selection of Patients and 
Triggers for Intervention in AS 

There have not been standardized criteria for 
reclassification of patients requiring definitive 
treatment during AS period, and different crite- 
ria among institutions have been applied. The 
examples of various AS protocols are summa- 
rized in Table 3.2. Generally, the definition for 
disease progression during follow-up period is 
determined on the basis of serum PSA value 
(i.e., PSA doubling time (PSADT) of 3 years or 
less) and histologic (i.e., Gleason sum of 4+ 3 or 
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Fig. 3.39 Advanced prostate cancer with multiple meta- 
static lymphadenopathies. (a) T2-weighted axial scan 
shows the whole prostate is replaced by low signal inten- 
sity lesion (arrows). Also note that the low signal intensity 
lesion invades the bilateral seminal vesicles, suggesting 
seminal vesicle invasion (arrowheads). (b) T2-weighted 


axial scan at bladder level shows irregular-shaped large 
mass, suggesting conglomerated metastatic lymphade- 
nopathy (arrows). (c) T2-weighted coronal image show 
irregular-shaped lymphadenopathy (arrows). Also note 
ill-defined prostate mass, suggesting prostate cancer 
(arrowheads) 


Fig. 3.40 (a) Extraprostatic extension of prostatic adenocarcinoma (pT3a) is defined as infiltration into soft tissues beyond 
fat plane (arrow). (b) Prostatic adenocarcinoma with cribriform pattern invades into the seminal vesicle (pT3b) 
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Table 3.1 Definition of insignificant prostate cancer 


Epstein criteria for CIPC 


(71, 202] [203] 


D’ Amico low-risk prostate cancer | NCCN risk stratification 


| 201] 


1. Clinical stage T1c 

2. Gleason score <6 

3. A third or less core biopsies positive 
4. 50% or less involvement of any 1 core 
5. PSA density <0.15 ng/ml/g 


1. Gleason score <6 
2. PSA <10 ng/ml 
3. Clinical stage T1 


|1. Very low risk 
(a) Clinical Tlc 
(b) Gleason score <6 
(c) PSA <10 ng/ml 
(d) Fewer than 3 prostate core 
biopsy positive, <50 % cancer 
in any core 
(e) PSA density <0.15 ng/ml/g 
| 2. Low risk 
(a) Clinical T1-T2a 
(b) Gleason score <6 
(c) PSA <10 ng/ml 


higher on repeat biopsy of the prostate) and 
clinical evidence of disease progression (i.e., 
more than a doubling of the product of the maxi- 
mum perpendicular diameters of the primary 
lesion as measured by DRE, local progression 
of prostate cancer requiring transurethral resec- 
tion of the prostate, development of ureteral 
obstruction, or radiologic or clinical evidence of 
distant metastasis) [204—208]. NCCN has rec- 
ommended an initiation of curative treatment in 
case of patients with Gleason grade 4 or 5, 
increased tumor number, or volume on repeat 
biopsy, PSADT <3years [201]. 


3.9.1.4 Methods of AS 

The aim of AS is to detect a portion of patients 
of completely curable state with biologically 
aggressive features within appropriate period. 
In general, serum PSA and DRE are measured 
every 3—6 months, but there have been differ- 
ences with reference to manner and interval of 
repeat prostate biopsy from institution to insti- 
tution (Table 3.2). Further additional study 
regarding optimal biopsy interval and number 
will be required to minimize biopsy-related 
complications and detect prostate cancer with 
more possibility of progression requiring radi- 
cal therapy [213, 214]. According to AS pro- 
gram of 2011 NCCN guideline, serum PSA and 
DRE should be examined every 3 months (at 
least 6 months) and 6 months (at least 12 
months), respectively. Besides, repeat prostate 
biopsy is recommended within 6 months in case 
of initial core biopsy <10 [201]. 


3.9.1.5 Conclusions 

AS may be a safe alternative to immediate treat- 
ment in men with a low risk of cancer progres- 
sion, and it appears to be feasible in many men 
diagnosed with prostate cancer. Major areas of 
future study include identifying appropriate base- 
line clinical parameters in selecting men for AS, 
confirming the role of imaging in diagnosing 
low-risk prostate cancer, identifying additional 
circulating and tissue markers defining risk, and 
developing appropriate follow-up regimens and 
definitions of progression. Repeat prostate biopsy 
appears to be critical to defining progression, and 
PSADT has been widely employed, although its 
accuracy requires confirmation. With appropriate 
selection of patients, close follow-up, and the 
selective use of local therapies in those with local 
cancer progression, AS may be an acceptable 
choice for the management of selected patients 
with low-risk, early-stage prostate cancer. 


3.9.2 Focal Therapy 


3.9.2.1 Introduction 

Owing to introduction of PSA screening, it has 
been possible to detect prostate cancer at early 
stage, and frequency of small-sized prostate can- 
cer involving less than 5-10 % of prostate volume 
has been increased [215, 216]. Radical prostatec- 
tomy (RP), external beam, or interstitial radio- 
therapy has been generally performed for the 
treatment of localized prostate cancer, but focal 
therapies, including cryosurgery and high 
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Table 3.2 Various active surveillance protocols 
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Multicenter 
European 
University of study University of | University of | Multicenter 
Toronto Johns Hopkins | (PRIAS) California Miami Japanese Study 
Variables [207] [208, 209] [210] [206] [211] [212] 
1. Patients 
selection 
criteria 
(a) Clinical Tle Tle Tic or T2 T1 or T2a NI Tle 
stage 
(b) PSA (ng/ | <10-15 NI <10 <10 NI <20 
ml) 
(c) Gleason <6(3 +3) <6(3 +3) <6(3+3) NI NI NI 
score 
(d) PSA NI <0.15 <0.2 NI NI NI 
density (ng/ 
ml) 
(e) Number NI 2 (core total 2 (of 8-12 <33 % cores <2 (of 10 2 (6-12 cores) 
of positive not specified) cores) biopsy and cores and <50 % of 
cores and <50 % of <50 % of minimum) cancer in any 
cancer in any cancer in any | and <20% core 
core core of cancer in 
any core 
2. AS methods 
(a) PSA and |3 monthly 6 monthly 3 monthly 3 monthly 3—4 monthly | 2 monthly PSA 
DRE PSA and 6 PSA and DRE | PSA and 6 PSA with PSA and for 6 months; 3 
monitoring monthly monthly TRUS at DRE for 2 monthly 
DRE for 2 DRE 6-12-month years; 6 thereafter; DRE 
years; 6 intervals monthly with TRRUS at 
monthly thereafter least every 6 
PSA and months 
annual DRE 
thereafter 
(b) Re-biopsy | 6-12 Annually At1,2,and | Every 1-2 Annually or | At 1 year 
months in 7 years or years triggered by 
the first year cT3 or PSA or DRE 
and then PSADT change 
every 2-3 <3 years 
years (changed to 
<10 years in 
recent 
years) 
3. Trigger for PSADT Surveillance Gleason Gleason Gleason PSADT 
curative <3 years biopsy score >7;>2 | upgrade; upgrade; <2 years; 
intervention breaching positive increase in increase in pathological 
selection cores on PSA velocity | tumor change 
criteria; patient | re-biopsy of 0.75 ng/ml | volume; >2 breaching 
request per year positive selection 
cores on criteria 


biopsy 
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intensity-focused ultrasound (HIFU), have been 
emerging as alternative treatments of localized 
prostate cancer [217—220]. Focal therapy of pros- 
tate cancer is an attractive trial in terms of preser- 
vation of prostate function and selective removal 
of only tumor portion. 


3.9.2.2 Cryosurgery 

Freezing of the prostate is conducted by using a 
multi-probe cryosurgical device. Multiple hollow- 
core probes are placed percutaneously under TRUS 
guidance. In addition, thermo-sensor is placed at 
external urethral sphincter and bladder neck, and 
warming device is located at the urethra to mini- 
mize urethral sloughing and prevent urinary incon- 
tinence. Commonly used gases are argon for 
cooling and helium for heating. Two freeze-thaw 
cycles are usually performed in all patients, and if 
the iceball does not adequately extend to the apex 
of the prostate, the cryoprobes are pulled backward 
into the apex, and additional freeze-thaw cycles are 
undertaken. The temperature at the edge of the ice- 
ball is O to —2 °C, while actual cell destruction 
requires —25 to —50 °C.4,6 Therefore, actual tissue 
destruction occurs within a few millimeters inside 
the iceball edge and cannot be monitored precisely 
by ultrasound imaging. 

Thanks to development of third-generation 
cryosurgical device and advancement of gas- 
driven and transrectal probes, the outcomes of 
cryosurgery have been gradually improved [22 1— 
226]. However, the objective evaluation with 
regard to treatment outcomes of cryosurgery is 
difficult on account of the application of different 
PSA threshold concerning treatment and recur- 
rence among institutions. The biochemical 
recurrence-free survival rates (BFSR) in patients 
receiving cryosurgery have been reported rang- 
ing from 36 to 92% and shows a difference 
depending on PSA nadir level defined as post- 
treatment failure and risk group. 

Compared to other local therapy, the fre- 
quency of erectile dysfunction (ED) is higher 
following cryosurgery [221-226]. Although 
some series have reported rates ranging from 40 
to 47%, more contemporary series report the 
rates between 50 and 90 % [222-224]. The high 
incidence of ED following cryosurgery may be 
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due to the use of multiple freeze-thaw cycles and 
extension of the iceball beyond the prostate, into 
the areas adjacent to the neurovascular bundles. 
ED has been also reported as approximately 
80 % in third-generation cryotherapy [219, 223]. 
The incidence of urinary incontinence varies 
among institutions, with rates ranging from 2 to 
27%, but in the third-generation cryosurgery 
using microprobes, the incidence of inconti- 
nence decreased up to less than 2 % [221-226]. 
Rectourethral fistula formation may occur in less 
than 3 %, and its incidence becomes much higher 
if there is a history of radiation therapy [221, 
223, 226]. Other complications included peri- 
neal or pelvic pain, penile paresthesia, penile 
and scrotal swelling, and urethral stricture 
[221-226]. 


3.9.2.3 HIFU 
HIFU is different from cryotherapy in that the 
focal zone is extremely discrete with little or no 
tissue effects in areas immediately adjacent to the 
treatment zone [227]. HIFU uses high-energy 
ultrasound waves to destroy the tissue at the focal 
point of a transducer without injuring the inter- 
vening tissue. Strong ultrasound waves in the 
inaudible sound range and approximately 10,000 
times stronger than diagnostic ultrasound are 
generated by a transducer with a parabolic con- 
figuration. This parabolic configuration focuses 
these sound waves into a discrete focal point 
measuring approximately 3 mm x3 mmx 11 mm. 
This focal point is located 3—4 cm distant from 
the transducer, and its size and shape depend on 
the energy emitted by the transducer, the geomet- 
ric configuration of the transducer, and the char- 
acteristics of the tissue. At the focal point of the 
transducer, ultrasound energy is concentrated, is 
absorbed by the tissue, and generates tempera- 
tures that can exceed 80 °C, resulting in coagula- 
tive necrosis and the destruction of tissue [227]. 
Since HIFU was introduced for the treatment 
of prostate cancer in 1993, a number of relevant 
studies have been reported. Early studies reported 
a low BCR-free survival of 30 %, but recent stud- 
ies have reported a BCR-free survival of 60-90 %, 
owing to the development of equipment and 
accumulation of relevant skills [228-234]. PSA 
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nadir value is the most important factor for pre- 
dicting the success of treatment [235, 236]. The 
probability of treatment failure may be high if 
PSA value following HIFU is more than 0.2 ng/ml 
or does not reach to nadir level within 6 months 
[235, 236]. HIFU has been considered as alterna- 
tive therapeutic modality to active surveillance in 
carefully selected localized prostate cancer. 
Besides, in cases of local recurrence after RT or 
vesicourethral anastomotic recurrence following 
RP, the application of HIFU as salvage therapy 
has been reported [230-234]. However, because 
there were not yet prospectively randomized con- 
trol trials and appropriate standard of biochemical 
recurrence (BCR), the use of HIFU in real clinical 
practice is currently indistinct. 

The complications of HIFU include acute uri- 
nary retention (4—22 %), urethral stricture, urinary 
tract infection, and urinary incontinence [228, 
231, 234]. However, owing to the development of 
equipment and skill, the frequency of complica- 
tions has been decreasing. The most severe com- 
plication is rectourethral fistula whose frequency 
was reported as 0.6-0.9% [237-241]. Erectile 
dysfunction (18-54%) can be developed. Other 
complications included chronic perineal discom- 
fort, hematospemia, and perineal edema. 


3.9.3 Conclusion 


Cryotherapy is a possible alternative therapeutic 
modality in patients who are inoperable or have a 
life expectancy of 10 years or less. HIFU is still an 
experimental therapeutic method, and therefore 
further long-term observation may be required to 
apprehend the therapeutic role of prostate cancer. 
Currently, focal therapy of prostate cancer is still 
at an early stage; therefore, focal therapy cannot 
be recommended as the standard treatment of 
prostate cancer in clinical practice. 


3.9.4 Radiation Therapy 


Radiation therapy (RT) has been used as curative 
treatment for localized prostate cancer for nearly 
a century. The past two decades have witnessed 
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important technological advances in methods of 
external beam RT resulting in wide availability 
of image-guided RT (IGRT) and intensity- 
modulated RT (IMRT). It is well known that 
escalation of radiation dose beyond 75 Gy 
improves survival free from biochemical failure 
[242, 243]. Without the conformal RT technique, 
prescription radiation doses usually fall short of 
70 Gy due to concerns of radiation-associated 
bowel or bladder toxicities. Advent of IMRT 
makes the dose escalation possible without a 
commensurate increase in radiation-related tox- 
icities. Thus, whenever possible, it is highly rec- 
ommended to delivery 75 Gy or higher using 
IMRT. Imaging studies play crucial roles to 
select patients for radical RT. All patients should 
be screened using CT and/or MRI for nodal or 
distant metastases prior to consideration of 
definitive RT. Presence of extraprostatic exten- 
sion (EPE) should be incorporated with target 
volume definition. MRI is useful to evaluate local 
tumor spread beyond the prostatic capsule. MRI 
performs superiorly to CT in revealing EPE. MRI 
is indispensable to detect tumor involvement of 
the seminal vesicles. Prostate is compactly jux- 
taposed by normal structures, such as the rec- 
tum, bladder, pelvic diaphragm, and penile bulb. 
Differentiation of those structures from the pros- 
tate is often difficult by CT images alone. 
Co-registration of planning CT and MRI may 
help to provide accurate relations of adjacent 
soft tissue structures with the prostate. Since 
1920, brachytherapy has been used as monother- 
apy or in conjunction with EBRT to treat local- 
ized prostate cancer. Presence of macroscopic 
EPE should be evaluated before a decision to 
perform brachytherapy is made. 


3.9.5 Surgical Management 


3.9.5.1 Introduction 

Radical prostatectomy (RP) is a surgical treat- 
ment suitable for localized prostate cancer, which 
aims to completely remove the tumor while pre- 
serving urinary continence and erectile function 
[244]. A study analyzing 15-year survival of 
12,677 patients who underwent RP showed a 


138 


cancer-specific mortality rate of 12 % and overall 
mortality rate of 38 % [245]. Patients with low- 
grade prostate cancer who did not receive surgi- 
cal treatment had a cancer-specific mortality rate 
of less than 10% over 20 years [246]. Thus, it is 
important to consider a patient’s life expectancy 
and comorbidities when choosing the treatment 
modality, though age itself should not be the sole 
criteria for rejection of RP. 

RP is the only treatment method shown to 
improve cancer-specific survival in a randomized 
controlled trial [245]. Retropubic and perineal 
approaches, as traditional open surgical methods, 
have been broadly applied over the last 30 years 
and offer high cure rates with minimal complica- 
tions if performed by an experienced surgeon 
[247, 248]. In recent years, minimally invasive 
surgical modalities, including laparoscopic radi- 
cal prostatectomy (LRP) and robot-assisted lapa- 
roscopic radical prostatectomy (RALP), have 
been broadly used. According to systemic reviews 
and meta-analysis, LRP and RALP have lower 
intraoperative blood loss and transfusion rates 
with comparable functional and oncological out- 
comes [249, 250], though some studies report 
contradictory results [251, 252]. Though tradi- 
tional open RP has been substituted in favor of 
LRP or RALP in recent years, it is not clear 
whether LRP or RALP is superior in terms of 
functional and oncological outcomes and cost- 
effectiveness. A prospective clinical trial is there- 
fore required. 


3.9.5.2 Major Complications 

Main complications following RP are urinary 
incontinence and erectile dysfunction, which have 
a tremendous impact on the patient’s quality of life. 
However, recent advances in the understanding of 
surgical anatomy, especially in radical retropubic 
prostatectomy (RRP), have enabled dissection 
under excellent visual conditions. This allows pres- 
ervation of the cavernous nerve and external 
sphincter, maintaining postoperative erectile func- 
tion and urinary continence, respectively [253]. 


Urinary Continence 
Recent studies have reported urinary continence 
rates of more than 80 % after RP, with recovery of 
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urinary continence persisting over 24 months 
post-operation [254]. Postoperative urinary con- 
tinence is influenced by various factors, which 
can be classified into preoperative factors, includ- 
ing age, weight/body mass index (BMI), preop- 
erative voiding function, prostate volume, 
preoperative prostate-specific antigen level, clini- 
cal pathologic stage, and preoperative Gleason 
score, and intraoperative factors, including intra- 
operative blood loss, urethral stump length, nerve 
sparing technique, bladder neck-sparing tech- 
nique, puboprostatic ligament sparing, and expe- 
rience of the surgeon [254]. If performed by a 
highly trained surgeon, the rate of urinary conti- 
nence recovery is considered to be more than 
90 %. 


Erectile Dysfunction 

Most studies define potency following RP as the 
ability to maintain a rigid erection sufficient for 
penetration and sexual intercourse with or with- 
out the help of a PDE-S inhibitor. Recent studies 
have reported an overall recovery rate of erectile 
function after RP of 48% and about 50% if the 
neurovascular bundle is spared [255]. 


3.9.5.3 Pelvic Lymph Node Dissection 
in Radical Prostatectomy 

Pelvic lymph node dissection (PLND) is the most 
reliable method to determine the N stage, since 
preoperative imaging, including computed 
tomography and magnetic resonance imaging, 
cannot detect metastatic lymph nodes smaller 
than 5 mm. The decision of PLND is based on the 
probability of lymph node metastasis. Generally, 
PLND can be omitted in low-risk localized pros- 
tate cancer (PSA <10 ng/ml, Gleason score <7, 
clinical stage <T2a). The probability of lymph 
node metastasis can be estimated with a nomo- 
gram using variables such as the preoperative 
prostate-specific antigen (PSA), Gleason score, 
and clinical stage [256, 257]. The European 
Association of Urology (EAU) recommends 
extended PLND when the probability of lymph 
node metastasis is greater than 7 %. Some studies 
have shown that extended PLND can improve 
survival and eliminate micrometastases of pros- 
tate cancer [258-261]. 
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3.9.5.4 Surgical Procedure 

and Anatomy 
In this chapter, the surgical procedures and rele- 
vant anatomic structures of RRP and RALP, the 
most common open and minimally invasive sur- 
gical procedures, respectively, are introduced. 


RRP 
Starting from the symphysis pubis, a midline 
incision of about 12—15 cm is made in the skin. 
After incision of the anterior rectus fascia, the 
rectus muscle is divided in the midline in order to 
approach the retropubic space (Retzius space). 
After approaching the Retzius space, PLND is 
initiated, if necessary. PLND must be performed 
in an extended manner [262, 263] and must 
include the external iliac vein anteriorly, pelvic 
wall laterally, bladder wall medially, pelvic floor 
posteriorly, Cooper’s ligament distally, and inter- 
nal iliac artery proximally. A greater number of 
dissected lymph nodes are associated with more 
accurate staging. After PLND, the fibro-adipose 
tissue covering the anterior side of the prostate 
must be dissected to expose the prostate. This 
exposes the anterior side of the prostate, includ- 
ing the superior branch or dorsal vein, pubopros- 
tatic ligament, and endopelvic fascia (Fig. 3.41a). 
The endopelvic fascia can be opened with 
scissors or electrocauterization. After opening of 
the fascia, the venous plexus of Santorini can be 
visualized. The opening of the endopelvic fascia 
is extended to the puboprostatic ligament. The 
puboprostatic ligament can be spared or com- 
pletely divided. Sparing of the puboprostatic lig- 
ament can provide anterior support of the urethra 
[264]. Poore et al. reported the positive impact of 
puboprostatic sparing on the early recovery of 
urinary continence [265]. However, Deliverliotis 
et al. reported no effect on the final continence 
rate with puboprostatic ligament sparing [266]. 
The dorsal vein complex (DVC) is then ligated. 
To ligate the DVC, it is gathered with a clamp at 
the apex of the prostate and the junction between 
the bladder neck and prostatic base. DVC ligation 
is a very important step because complete liga- 
tion is essential for good visualization of the sur- 
gical field. After DVC ligation, apical prostate 
dissection is performed. This is a critical step in 
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cancer control and functional outcome. After 
division of the DVC, dissection between the 
prostate and urethra must be performed precisely 
to avoid a positive surgical margin at the apex. 
During apical dissection, fixation of the length of 
the urethra is also important for postoperative 
recovery of urinary continence, as this may pre- 
serve more of the striated sphincter (Fig. 3.41b). 

A urethral catheter is brought out through the 
opening of the prostatic urethra at the apex and 
pulled out and upward. Dissection of the seminal 
vesicle and vas deferens is performed. Following 
dissection of the seminal vesicle, pedicles along 
the posterolateral side of the prostate are divided 
and locked with a vascular clip. 

After the procedure described above, the pros- 
tate is only attached to the bladder neck at the 
base of the prostate. The bladder neck is incised 
anteriorly, and the incision is extended to the pos- 
terior side of the prostate. The division of the 
posterior bladder neck is carefully performed, 
avoiding injury to the ureteral orifice. The blad- 
der neck is reconstructed with eversion sutures 
for hemostasis and exposure of the bladder 
mucosa. If the bladder neck opening is too large, 
it can be suitably closed using tennis racket sutur- 
ing. For vesicourethral anastomosis, five to six 
stitches are made at the urethral stump and the 
corresponding position in the bladder neck 
(Fig. 3.41c). After the urethral Foley catheter is 
indwelled, all sutures are tidied and knotted 
outside. 


RALP 

Since robot-assisted surgery was introduced in 
2000, RALP has gradually replaced LRP as a 
popular surgical treatment option for organ- 
confined prostate cancer. Currently, the da Vinci 
surgical robot (Intuitive Surgical, Sunnyvale, 
CA) is the mainly used system, which provides 
3-dimensional vision of the surgical field and 
multi-articular movement of the instruments, 
enabling delicate tissue manipulation and easy 
suturing. LRP and RALP offer similar surgical 
views to the surgeon, but a robotic system pro- 
vides a more magnified view of the operation 
field than LRP. Here, the surgical procedure and 
relevant anatomy of RALP are described. 
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Fig. 3.41 (a) Anterior side of prostate, the fibro-adipose 
tissue covering the anterior side of the prostate is removed 
to expose the prostate. This exposes the anterior side of 
the prostate, including the superior branch or dorsal vein, 
puboprostatic ligament, and endopelvic fascia (b). Urethra 
and prostate apex, during dissection of prostatic apex, 
fixation of the length of the urethra is also important for 


Both intraperitoneal and extraperitoneal lapa- 
roscopic approaches offer comparable periopera- 
tive outcomes. Intraperitoneal access is more 
commonly used. For an intraperitoneal approach, 
a pneumoperitoneum can be made using a Veress 
needle or the open Hasson technique. A 12 mm 
vertical incision is made superior to the umbili- 
cus, and the Veress needle is introduced carefully 
into the peritoneal cavity. After the pneumoperi- 
toneum is established, a 12 mm trocar is placed 
through the vertical incision. A robotic camera is 
introduced through the trocar, allowing the sur- 
geon to inspect the intra-abdominal wall for sub- 
sequent trocar placement. In general, five 
additional trocars, used for the robotic arm and 
assistant instrument, are introduced into the peri- 
toneal cavity. To access the Retzius space, the 


H.J. Lee et al. 


Prostate apex 


postoperative recovery of urinary continence, as this may 
preserve more of the striated sphincter (c). Vesicourethral 
anastomosis, six stitches are made at the urethral stump 
and the corresponding position in the bladder neck. After 
the urethral Foley catheter is inserted, all sutures are tied 
and knotted outside 


median umbilical ligaments and urachus are 
divided and an incision is made in the parietal 
peritoneum. The incision is extended to the lat- 
eral pelvic wall up to the vas deferens. Blunt dis- 
section along the lateral pelvic wall allows 
visualization of the symphysis pubis, anterior 
side of bladder and prostate, puboprostatic liga- 
ment, and endopelvic fascia. After excision of the 
fibro-adipose tissue overlying the prostate, the 
anterior aspect of the prostate and superficial dor- 
sal vein can be visualized (Fig. 3.42a). 

The superficial dorsal vein is coagulated by 
bipolar electrocauterization at this step. The 
endopelvic fascias are divided, and the underly- 
ing levator muscle attached to the lateral portion 
of the prostate is bluntly dissected. At this step, 
the deep dorsal vein complex (DVC) overlying 
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Fig. 3.42 RALP (a) Anterior aspect of prostate; after 
excision of the fibro-adipose tissue overlying the prostate, 
the anterior aspect of the prostate and superficial dorsal 
vein is visualized. (b) Apical dissection of the prostate, 
precise division between the apex of the prostate and ure- 


the urethra and apex of the prostate can be ligated 
by suture or coagulated or ligated at a later time. 
Caudal retraction of the preoperatively indwelled 
urethral Foley catheter allows the surgeon to 
reach the junction of the bladder neck and pros- 
tate base. A horizontal incision at the anterior 
side of the bladder neck is made at the junction of 
the bladder neck and prostate. The anterior blad- 
der neck is divided until the urethral Foley cath- 
eter is visible. The tip of the urethral catheter is 
pulled out through the anterior bladder neck 
opening and the posterior bladder neck is divided. 
After division of the bladder neck, the vas defer- 
ens and seminal vesicle are dissected and divided. 
In this procedure, cold dissection is recom- 
mended, if possible, to avoid thermal damage to 
the adjacent neurovascular bundle. Following 
division of vas deferens and seminal vesicle, the 
posterior plane of the prostate is developed. 
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thra is also important for cancer control and postoperative 
continence in RALP. (c) Vesicourethral anastomosis, in 
RALP, continuous suturing (double-armed sutures) 
between urethra mucosa and bladder neck mucosa is usu- 
ally applied for vesicourethral anastomosis 


Denonvilliers’ fascia, derived from the perito- 
neum, covers the posterior aspect of the prostate 
and anterior aspect of the rectum. In general, the 
plane between Denonvilliers’ fascia and the pos- 
terior lobe of the prostate is developed for neuro- 
vascular bundle (NVB) sparing, which is most 
commonly used and is known as the interfascial 
approach. Denonvilliers’ fascia is separated from 
the posterior aspect of the prostate by blunt and 
sharp dissection to the apex. If NBV saving is not 
indicated, a wider resection plane including 
Denonvilliers’ fascia must be made. 

The parasympathetic nerve fibers, located at 
the periprostatic tissue, are important for erectile 
function [267], and the bundle of nerve fibers 
along the posterolateral side of the prostate, 
known as the NBV, are located between the lat- 
eral pelvic fascia and prostate capsule. In the 
interfascial approach, the plane between lateral 
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pelvic fascia and prostate capsule is developed to 
spare the NBV. The lateral pelvic fascia is incised 
at the anterolateral side of the prostate, and the 
incision is extended to the prostate base and apex. 
Blunt dissection without thermal energy along 
the plane between the lateral pelvic fascia and 
prostate capsule is made, and the lateral pelvic 
fascia is released laterally. During posterior and 
lateral dissection, the vascular pedicle of the 
prostate is usually divided and secured by a lock- 
ing clip. The accessory pudendal artery (APA) 
can often be seen traveling over the anterolateral 
side of the prostate. Presence of a visible APA 
has been reported in 4% of men [268]. Lack of 
blood supply to the corpus cavernosum is one of 
the main reasons for postoperative erectile dys- 
function. Injury of the APA during RP can cause 
postoperative arterial insufficiency of the corpus 
cavernosum. Remaining attachments between 
the prostate and lateral pelvic fascia are dissected 
with scissors. Following the procedure described 
above, the remaining attached sites are the DVC 
and urethra. The DVC is divided, and the urethra 
and apex of the prostate are visualized. Like the 
open radical prostatectomy, precise division 
between the apex of the prostate and urethra is 
important for cancer control and postoperative 
continence (Fig. 3.42b). After careful hemostasis, 
vesicourethral anastomosis is performed. In gen- 
eral, continuous mucosa to mucosa suturing is 
made using double-armed sutures secured 
together (Fig. 3.42c). 


3.9.6 Hormonal Therapy 


3.9.6.1 Introduction 

Since Huggins and Hodges had reported the 
effect of surgical castration and oral estrogen 
medication at the progression of metastatic pros- 
tate cancer in 1941, androgen depravation ther- 
apy (ADT) has been recognized as a crucial 
therapeutic method for advanced prostate cancer 
[269, 270]. However, ADT has been used in com- 
bination with other treatment in patients who had 
non-metastatic early prostate cancer or recurrent 
cancer following radical therapy [271]. ADT can 
effectively improve patients’ symptoms in 
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advanced prostate cancer, but there has been 
currently no definite evidence of the extension of 
survival duration. 


3.9.6.2 Hormonal Regulation 
of the Prostate 

The growth, function, and proliferation of the 
prostate are physiologically dependent on andro- 
gen. Although androgens have no carcinogenic 
effect, it is essential for the growth and mainte- 
nance of tumor cell [272]. Testosterone, which is 
the main androgen, is made in the testis, and the 
remaining androgens are made in the adrenal 
gland. The secretion of testosterone is regulated 
by hypothalamus-pituitary-gonadal axis. The 
luteinizing hormone-releasing hormone (LHRH) 
stimulates the anterior lobe of the pituitary gland, 
secretes luteinizing hormone (LH) and follicle- 
stimulating hormone (FSH), and then LH stimu- 
lates the secretion of testosterone from Leydig 
cell of the testis. Testosterone within the prostate 
cell is converted into 5-a-dihydrotestosterone 
(DHT), which is tenfold stronger androgen stim- 
ulant than testosterone, by the action of 5-a 
reductase [273]. Circulating testosterone is aro- 
matized to estrogen at the periphery and has a 
negative feedback on LH secretion at the hypo- 
thalamus. If there is no stimulation of androgen 
to the prostate, apoptotic process will occur. 


3.9.6.3 Types of Hormonal Therapy 


Simple Orchiectomy (Physical Castration) 
Surgical castration is still the standard treatment 
of ADT and induces the immediate hypogonad- 
ism state following surgery. The criterion of cas- 
tration is a serum testosterone level of 50 ng/dl or 
less. Bilateral orchiectomy is a simple and 
uncomplicated surgical method. It can be con- 
ducted under local anesthesia, and within 12 h 
after surgery, serum testosterone comes to castra- 
tion level [274]. 


Estrogen Agent 

Estrogen has a variety of effects including down- 
regulation of LHRH secretion, inactivation of 
androgen, direct inhibition of Leydig cell func- 
tion, and direct cytotoxicity to prostatic epithelial 
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cells [275]. Diethylstilbestrol (DES) is com- 
monly used estrogen agent in prostate cancer 
[275-277]. Oral medication of low-dose (1 and 
3 mg) DES showed a similar therapeutic effect 
compared to bilateral orchiectomy, but 3 mg DES 
is associated with high cardiovascular toxicity 
[276]. Owing to concern of cardiovascular toxic- 
ity and advent of LHRH agonist and antiandro- 
gen agent, DES is not nearly used currently. 


LHRH Agonist 

Long-acting LHRH agonists (goserelin, leupro- 
lide, and triptorelin) have been already used as a 
main method of ADT 15 years ago [271, 278]. 
Long-term stimulation of LHRH agonist finally 
causes downregulation of LHRH receptor and 
inhibits LH and FSH secretion in pituitary gland 
and testosterone synthesis, and then serum testos- 
terone level decreases to castration level within 
2-4 weeks [279, 280]. Recent meta-analysis 
reported that LHRH agonist showed a similar 
effect with orchiectomy and DES [281]. Owing 
to psychological and physical discomfort of 
orchiectomy and cardiovascular side effect of 
DES, LHRH agonist is currently used as standard 
treatment of hormonal therapy. However, flare-up 
phenomenon may be a concerned problem. 
Combination therapy with antiandrogen can 
lower the prevalence of clinical recurrence. It was 
reported that the long-term use of LHRH agonist 
is associated with mini-flare phenomenon, but its 
clinical effect was unknown [282]. 


LHRH Antagonist 

Contrary to LHRH agonist, LHRH antagonists 
(abarelix, degarelix) immediately combine with 
LHRH receptor and then can rapidly decline 
serum level of LH, FSH, and testosterone. 
However, because many LHRH antagonists have 
severe and life-threatening histamine-related 
complications, their use in clinical practice is 
limited [265-267]. According to several studies, 
LHRH antagonists were effective in light of cas- 
tration, but showed no superior effect compared 
to LHRH agonists [283-285]. As LHRH antago- 
nist should be administered every month, its use 
is limited compared with leuprorelin of 3 or 6 
months interval method. Because most studies 
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have been conducted for 1-year follow-up 
duration, long-term effect with respect to LHRH 
antagonist should be proved through further pro- 
spective study. 


Antiandrogens 

Antiandrogens combine with nucleus of prostatic 
cell competing with testosterone and DHT and 
then inhibit the growth of prostate cancer or facil- 
itate the apoptosis of cancer cell [286]. 
Antiandrogens are divided into steroidal (cyprot- 
erone acetate) and nonsteroidal (nilutamide, flu- 
tamide, bicalutamide, abiraterone, enzalutamide). 
Steroidal antiandrogen, which is a synthetic 
extract of hydroxyprogesterone, not only blocks 
the androgen receptor but also inhibits secretion 
of LH and FSH and suppresses adrenal function. 
Although cyproterone acetate (CPA) is the first 
authorized antiandrogen drug, relevant studies 
are so limited that optimum dose and compara- 
tive result to standard castration method are 
insufficient. Nonsteroidal antiandrogen mono- 
therapy has been developed on account of 
improvement of quality of life and compliance 
compared with physical castration method. These 
drugs can maintain sexual desire, general physi- 
cal activity, and bone density with no effect to the 
secretion of testosterone [287]. In terms of non- 
pharmacological aspect, bicalutamide shows a 
better safety and tolerability than nilutamide or 
flutamide [279]. Abiraterone and enzalutamide, 
which are recently introduced antiandrogen 
agents, showed a survival benefit in patients with 
metastatic CRPC who received previous chemo- 
therapy including docetaxel [288, 289]. 


Combination Hormonal Therapy 

Several investigators insist that restraining both 
testicular and adrenal androgens (complete 
androgen blockade) allows for a better initial and 
a longer response compared with those methods 
that inhibit production of only testicular andro- 
gens. Complete androgen blockade can be 
attained by combining antiandrogen with LHRH 
agonist or orchiectomy. The patients with limited 
disease and a good performance status who are 
treated with combined androgen blockade 
(LHRH agonist and antiandrogen agent) seem to 
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survive longer than those treated with an LHRH 
agonist alone [290]. However, another study 
comparing antiandrogen alone with antiandro- 
gen plus orchiectomy failed to demonstrate a 
survival difference between the two groups 
[291]. A meta-analysis of monotherapy and 
complete androgen blockade for the treatment of 
advanced prostate cancer suggested that there 
might be a small survival advantage to complete 
androgen blockade [292]. 


Intermittent ADT Versus Continuous ADT 
Ongoing trials are studying the use of intermit- 
tent androgen-deprivation (IAD) to determine 
whether this might result in a delay in the appear- 
ance of the hormone-refractory state. IAD, com- 
pared to continuous therapy, may be related to 
improved quality of life and reduced treatment 
cost and drug-related side effect because serum 
testosterone levels may be normalized during off- 
therapy duration [293]. However, currently, there 
is little definite evidence with regard to whether 
IAD can actually increase survival or delay pro- 
gression to castration-resistant prostate cancer 
(CRPC). 


Immediate ADT Versus Deferred ADT 

There has been still controversy with regard to 
the timing of initial hormonal therapy in advanced 
prostate cancer, that is, immediate versus deferred 
ADT in localized prostate cancer and asymptom- 
atic metastatic cancer. Several studies have 
reported that in patients who underwent ADT as 
primary therapy or adjuvant therapy following 
radical prostatectomy, immediate ADT markedly 
decreased a cancer progression and progression- 
related complication rate [277, 294, 295]. 
However, immediate ADT failed to improve 
cancer-specific survival and relatively showed a 
small benefit to overall survival with absolute 
risk reduction of 5.5% 10 years later [296]. 
According to ASCO guideline, it is concluded 
that the initiation of hormone therapy is not rec- 
ommended in asymptomatic advanced prostate 
cancer patients until the result of study regarding 
initial hormone therapy in androgen-sensitive 
metastatic, recurrent, or progressive prostate can- 
cer is reported [296]. 
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3.10 Imaging and Pathologic 


Finding of Unusual Tumors 


More than 95 % of malignant tumors of the pros- 
tate are adenocarcinomas [297]. However, 
numerous rare morphologic variants of prostate 
carcinoma have been identified. These unusual 
tumors of the prostate may arise from the pros- 
tatic epithelium or stroma or from ectopically 
located cells within the prostate. Moreover, even 
though these tumors present with signs and 
symptoms that resemble those of typical prostate 
adenocarcinoma, they may show a variable prog- 
nosis. Several unusual prostate involving neo- 
plasms have been described and characterized 
during recent years. In addition, benign prostate 
stromal hyperplasia also mimics a malignant 
tumor, and benign inflammatory lesions can also 
present as malignant-looking lesions. However, 
few reports about the imaging findings of these 
unusual tumor or tumorlike lesions have been 
published. 

Unusual tumors or tumorlike lesions in the 
prostate may have prognoses that are quite unlike 
those of prostatic adenocarcinoma. Radiologic 
findings may overlap, and they have limited roles 
in the diagnoses of these entities. However, 
knowledge of these variable unusual tumors and 
tumorlike conditions is helpful when making 
accurate radiologic diagnoses, which have impor- 
tant clinical implications for treatment and 
prognosis. 

Prostate tumors can be subdivided into epithe- 
lial, neuroendocrine, stromal, metastatic, mesen- 
chymal, hematolymphoid, and miscellaneous 
tumors. The epithelial tumors that involve the 
prostate include glandular neoplasms such as 
adenocarcinoma, urothelial tumors, squamous 
tumors, and basal cell tumors. Neuroendocrine 
tumors include carcinoid tumors, small cell carci- 
noma, paraganglioma, and neuroblastoma. 
Mesenchymal tumors include leiomyosarcoma, 
rhabdomyosarcoma, chondrosarcoma, and 
malignant fibrous histiocytoma (MFH). In addi- 
tion to hematolymphoid tumors such as lym- 
phoma and leukemia, rare tumors like germ cell 
tumor and melanoma can also arise from the 
prostate. 


3 Prostatic Tumors 


3.10.1 Pathology of Stromal Tumor 
and Stromal Sarcoma 


Mesenchymal tumors of prostate are uncommon. 
Well-known soft tissue tumors such as leiomy- 
oma, leiomyosarcoma, rhabdomyosarcoma, or 
inflammatory myofibroblastic tumor can be 
developed in the prostate. In addition, mesenchy- 
mal tumors derived from specialized prostatic 
stroma are also found. These lesions specific to 
prostate can be classified into stromal tumors of 
uncertain malignant potential (STUMP) and stro- 
mal sarcoma [298, 299]. 


3.10.1.1 STUMP 

Grossly STUMP is firm, solid, or partly cystic 
mass with white to tan-colored cut surface. 
Microscopically, STUMP can show four histo- 
logic patterns including degenerative atypia, 
hypercellular stroma, myxoid, and phyllodes 
type [298, 299]. 


3.10.1.2 Stromal Sarcoma 

Grossly stromal sarcoma is solid or partly cystic 
mass with gray to tan color. Microscopically stro- 
mal sarcoma reveals stromal proliferation with 
hypercellularity, pleomorphism, and increased 
mitosis and necrosis. Biphasic pattern resem- 
bling phyllodes tumor of breast can be found 
[298, 299]. 


3.10.2 Epithelial Tumors 


3.10.2.1 Mucinous Adenocarcinoma 
Prostate mucinous adenocarcinoma is an 
uncommon variant of prostatic carcinoma 
occurring in 0.1—2 % of prostatic surgical spec- 
imens [297]. The diagnosis of mucinous ade- 
nocarcinoma requires that more than 25 % of 
an excised tumor consists of tumor cells and 
clusters of cells floating in lakes of mucin. 
Mucinous carcinomas demonstrate an accumu- 
lation of large amounts of extracellular mucin 
during histologic examinations. Moreover, the 
mucin within these tumors differs in chemical 
composition from that of normal prostatic 
tissue [297]. 
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Because of mucin component, MR imaging 
appears as high signal intensity lesions on 
T2-weighted images. However, variable 
T2-weighted signal intensities may be observed 
due to a smaller mucin amount or a different 
chemical composition. Some articles have 
reported that mucinous adenocarcinoma signal 
intensity is similar to that reported for rhabdo- 
myosarcoma of the prostate, although the clini- 
cal, morphologic, and histopathologic features of 
this tumor are distinctly different [300]. The dif- 
ferential diagnosis of these cystic mass includes 
cystic prostatic hyperplasia, abscesses, and cysts. 


3.10.2.2 Squamous Cell Carcinoma 

Primary squamous cell carcinoma of the prostate 
is very rare. It accounts for approximately 
0.5-1 % of all prostate cancers [297]. Primary 
bladder urethral origin carcinoma should be 
excluded before a diagnosis of primary squamous 
cell carcinoma of the prostate is made. The com- 
mon clinical presentations include prostate ure- 
thral obstruction, hematuria, or bone pain 
suggesting bone metastasis. Unlike sclerotic 
bone metastasis from adenocarcinoma, squa- 
mous cell carcinoma shows osteolytic lesion. 
Squamous cell carcinomas often arise in the set- 
ting of prior hormone or radiation therapy, and 
the prognosis of this tumor is very poor [166]. 
Pathologically squamous features of keratiniza- 
tion, squamous pearls, and intercellular bridges 
are characteristic [301]. Imaging findings of 
squamous cell carcinoma are similar to those of 
adenocarcinoma. TRUS shows low echoic hyper- 
vascular lesions, and MR shows low signal inten- 
sity lesion on T2-weighted image (Fig. 3.43). 
Lymph node metastasis can be seen in iliac, 
inguinal, obturator, and para-aortic lymph nodes, 
bladder, seminal vesicle, rectum, and lung [297]. 


3.10.2.3 Transitional Cell Carcinoma 

Transitional cell carcinoma (TCC) of the prostate 
may originate from prostatic ducts or acini or may 
be due to synchronous or metachronous spread 
from transitional cell carcinoma in the bladder or 
urethra (Fig. 3.44). The primary prostate TCC is 
rare, occupying only 2—4% of all prostate can- 
cers, whereas secondary involvement of TCC in 
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Fig. 3.43 Squamous cell carcinoma in a 70-year-old man. 
Axial (a) and coronal (b) CT scans show low-attenuated 
mass arising from prostate (arrows). T2-weighted axial (c) 


bladder into the prostate is common, occurring in 
7-43 % of men with bladder TCC. Whether pri- 
mary or secondary, TCC of the prostate is tradi- 
tionally believed to have a poor prognosis [297]. 
TRUS of prostate TCC reveals hypoechoic lesions 
involving the central portion of prostate, which is 
quite different from prostate adenocarcinoma 
[302]. CT scan shows a low attenuating lesion 
seen in central portion of prostate (Fig. 3.45). 


3.10.3 Neuroendocrine Neoplasm 


Neuroendocrine differentiation in prostatic 
carcinoma can be divided into three forms: focal 
neuroendocrine differentiation in conventional 
prostatic adenocarcinoma, carcinoid tumor, and 
small cell neuroendocrine carcinoma [303]. The 
most common type of neuroendocrine differenti- 


and coronal (d) images reveal sold looking mass in the 
prostate (arrows). The patient underwent prostatectomy 
and confirmed to have squamous cell carcinoma 


ation observed in prostate malignancy is focal, 
individual cell neuroendocrine differentiation. 
Small cell carcinomas and carcinoid tumors con- 
stitute a small percentage of prostatic malignan- 
cies, representing less than 5% of all prostatic 
malignancies [297]. The incidence of prostatic 
tumors with neuroendocrine differentiation is 
increasing [304]. Because the treatment and 
prognosis may differ from that of typical adeno- 
carcinoma, the presence of a neuroendocrine 
component can also affect clinical management. 


3.10.3.1 Carcinoid Tumor 

Carcinoid tumors of the prostate are exceed- 
ingly rare and show classic cytologic features of 
carcinoid tumors and diffuse neuroendocrine 
differentiation, for example, chromogranin A 
and synaptophysin immunoreactivity [303]. 
Carcinoid tumor is essentially negative for 
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Fig.3.44 MR findings of transitional cell carcinoma arising from prostatic urethra. T2-weighted axial (a) and sagittal 
(b) scan show ill-defined irregular lesion surround prostatic urethra (arrows) 


Fig. 3.45 CT findings of transitional cell carcinoma. 
Post-contrast CT scan of other patient reveals ill-defined 
low-attenuated lesion located in central portion of prostate 
(Published with kind permission of Korean Society of 
Ultrasound in Medicine J Korean Soc Ultrasound Med 
2006;25:1-10) 


PSA. Because the number of reported cases is 
small, the prognosis is uncertain. No image 
findings have been reported for carcinoid tumors 
of the prostate. In our case, TRUS showed a low 
echoic irregular outlined mass with increased 
vascularity, and CT revealed low attenuating 
mass with peripheral enhancement (Fig. 3.46). 


3.10.3.2 Small Cell Carcinoma 

Schwartz et al. reported that 44 % of patients with a 
clinically anaplastic clinical variant of prostate can- 
cer show a small cell carcinoma component in the 
mass [304]. Anaplastic clinical variant is defined 


Fig. 3.46 CT findings of carcinoid tumor arising from 
prostate. Post-contrast CT scan shows heterogeneous- 
enhancing mass with multiple metastatic lymphadenopa- 
thies. TRUS-guided biopsy performed and confirmed as 
carcinoid tumor 


clinically by one or more of the following: a rapid 
progression of clinical symptoms, the presence of 
visceral metastasis, poor response to androgen 
ablation therapy, and relatively low serum prostate- 
specific antigen (PSA) levels. Small cell carcinoma 
has an aggressive clinical course characterized by 
widespread metastatic disease and a lack of 
response to hormone therapy [304]. 

The rapid onset of bladder outlet obstructive 
symptom is a common presentation. Distant 
metastases are generally observed at the time of 
diagnosis. The paraneoplastic syndromes of 
small cell carcinomas are occasionally observed 
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[297]. These tumors are morphologically identi- 
cal to small cell carcinomas of the lung and other 
sites [304]. Currently, neuroendocrine tumor 
cells are thought to arise from a common stem 
cell or multipotent cell that can differentiate into 
multiple tissues [297]. This theory explains the 
heterogeneous cell population present in many 
prostate cancers and the observation that diagno- 
sis of small cell carcinoma is often preceded by a 
diagnosis of adenocarcinoma of the prostate. 

Imaging findings have rarely reported for 
small cell carcinoma of the prostate, but exten- 
sive bone metastasis and abdominal and pelvic 
lymphadenopathy are noted at CT [304]. CT may 
also show a well-enhanced lobulated contoured 
soft tissue mass in the prostate (Fig. 3.47). 


3.10.4 Mesenchymal Tumors 


3.10.4.1 Leiomyosarcoma 

Leiomyosarcoma usually occurs relatively old 
age between 40 and 70 years comparing rhabdo- 
myosarcoma and presents as a bulky tumor with 
diffuse infiltration of surrounding tissues [305]. 
Leiomyosarcoma is the second most common 
sarcoma involving the prostate following rhabdo- 
myosarcoma occupying about 25% of all pros- 
tate sarcoma. Comparing rhabdomyosarcoma, 
the speed of growing is relatively slow. 
Pathologically, leiomyosarcoma consists of inter- 
laced bundles of spindle cells with blunted-end 
nuclei and eosinophilic cytoplasm by light 


microscopy [297]. Necrosis and hemorrhage are 
common in leiomyosarcoma. Even though the 
findings of leiomyosarcoma are very similar to 
those of rhabdomyosarcoma, the local extent of 
these sarcomas can be determined by CT or MR 
imaging [305] (Fig. 3.48). Both of these modali- 
ties can clearly delineate tumors from surround- 
ing normal tissues. In leiomyosarcoma, local 
recurrence is frequent, and the most common 
metastatic sites are lung followed by bone and 
liver. Regional lymph nodal metastases occur 
infrequently [297]. 


3.10.4.2 Rhabdomyosarcoma 

Rhabdomyosarcoma is the most common tumor 
of the lower genitourinary tract in young age in 
the first two decades. The etiology is uncertain 
and may arise from a primitive cell in any organ. 
It represents 5-10 % of all malignant solid tumors 
of childhood, ranking fourth in frequency after 
central nervous system neoplasms, neuroblas- 
toma, and Wilms’ tumor [306]. Genitourinary 
rhabdomyosarcoma usually involves the bladder, 
prostate, testis, penis, perineum, vagina, and 
uterus. Genitourinary rhabdomyosarcoma 
accounts for about 15-30 % of all rhabdomyosar- 
coma cases in children. In children, the age of 
presentation with rhabdomyosarcoma is approxi- 
mately 7 years [306]. Histologically, more than 
65 % are embryonal rhabdomyosarcomas and the 
5% are alveolar subtype. Just like leiomyosar- 
coma, rhabdomyosarcoma grows rapidly 
and invade adjacent soft tissues and the bladder. 


Fig. 3.47 Small cell carcinoma in prostate. (a) Post-contrast CT reveals ill-defined low-attenuated area involving 
left lobe of prostate (arrows). (b) PET-CT image reveals very hot uptake of glucose in same area (arrows) 


3 Prostatic Tumors 


The main symptoms of leiomyosarcoma include 
the bladder outlet obstruction, lower abdominal 
distension, dysuria, or signs of urinary tract 
infection [306]. The gross appearance of rhabdo- 
myosarcoma is variable. The margins of tumor 
may be infiltrative or well defined by a compress- 
ible pseudocapsule. Grossly, cut sections of rhab- 
domyosarcoma typically appear firm, fleshy, and 
lobulated, and secondary hemorrhage and necro- 
sis are also common findings. Calcification is 
rare [306]. TRUS reveals a hyperechoic or 
hypoechoic solid lesion showing hemorrhage or 
necrosis [306]. CT shows bulky pelvic mass with 
heterogeneous attenuation (Fig. ). The mass 
may invade periprostatic, periurethral, and peri- 
vesical tissues, or it may also extend into the 
ischiorectal fossa. Sometimes the origin of the 
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tumor is often confusing because primary pros- 
tate rhabdomyosarcoma may invade the bladder 
base or the prostate may have been invaded by a 
bladder rhabdomyosarcoma [306]. MR imaging 
can clearly show the site of origin as the central 
prostate area, and multiplanar image of MR per- 
mits accurate assessment of tumor extent [300]. 


3.10.4.3 Malignant Fibrous 
Histiocytoma (MFH) 

MFH contains fibroblast-like cells in varying 
proportions in bone or soft tissues. A histologic 
examination reveals a mesenchymal prolifera- 
tion of spindle cells with abundant eosinophilic 
cytoplasm [307]. MFH originated from prostate 
is very rare, and few case reports have been 
published. No specific findings are known for 


Fig. 3.48 Leiomyosarcoma in a 74-year-old man. (a) 
TRUS image shows well-defined low and heterogeneous 
echoic mass abutting prostate. T2-weighted axial (b) and 
coronal (c) image show relatively low signal intensity 


lesion arising from peripheral portion of prostate. TRUS- 
guided biopsy revealed that this lesion was spindle cell 
tumor favoring leiomyosarcoma 
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Fig.3.49 Rhabdomyosarcoma in an 18-year-old boy. (a) 
Post-contrast CT scan shows ill-defined bulky mass aris- 
ing from prostate. Also note that bladder is invaded by this 
mass (arrows). TRUS-guided biopsy revealed that this 


mass confirmed as rhabdomyosarcoma. (b) After chemo- 
therapy, the size of the mass was decreased, showing low 
signal intensity mass occupying anterior portion of pros- 
tate on T2-weighted axial image (arrows) 


Fig. 3.50 Malignant fibrous histiocytoma in 71-year-old 
man. (a) TRUS shows relatively well-defined low echoic 
mass arising from prostate (arrows). (b) Post-contrast CT 
scan shows low-attenuated mass located in prostate 


MFH in the prostate. And the differential diag- 
nosis with rhabdomyosarcoma or other soft tis- 
sue sarcomas is very difficult. Our case showed 
a low echoic, contour bulging mass by TRUS 
just like rhabdomyosarcoma or leiomyosar- 
coma. In addition, strong, peripheral contrast 
enhancement of the soft tissue mass was noted 
on contrast-enhanced CT (Fig. 3.50). 


3.10.4.4 Synovial Sarcoma 
Synovial sarcoma is one of mesenchymal neoplasm 
that typically arises in para-articular soft tissues in 


(arrows) (Published with kind permission of Korean 
Society of Ultrasound in Medicine J Korean Soc 
Ultrasound Med 2006;25:1—10) 


young adults [308]. Distant pulmonary metastasis is 
common after primary tumor surgery. The involve- 
ment of the genitourinary tract of primary synovial 
sarcomas is extremely rare, and it can occur in a 
variety of locations such as the middle ear, orofacial 
or oropharyngeal region, esophagus, larynx, lung, 
pleura, heart, blood vessels, abdominal wall, and 
retroperitoneum [308]. The image findings of pros- 
tatic synovial sarcoma are not well reported 
(Fig. ). In one case report by Shirakawa et al., 
T2-weighted MR image showed a high signal mass 
originating in the prostatic fascia [308]. 
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Fig. 3.51 Synovial sarcoma in a 36-year-old man. Post- 
contrast CT scan shows relatively well-defined mass aris- 
ing from prostate. TRUS-guided biopsy revealed synovial 
sarcoma 


3.10.5 Hematopoietic Malignancy 


3.10.5.1 Lymphoma 

Whether as a primary extranodal lymphoma or 
as a secondary spread to the prostate from 
other sites, the malignant lymphoma involving 
the prostate is rare. Primary prostatic lympho- 
mas are much less common than secondary 
lymphomas, and primary lymphoma can be 
diagnosed when the lesions are located only in 
prostate and there is no evidence of systemic 
lymph node involvement by lymphoma cells 
[297]. When a young male presents with a 
large prostate mass, lymphoma of the prostate 
should be suspected. The systemic symptoms, 
which are usually presented in lymphoma 
patients, such as fever, chills, night sweats, and 
weight loss, are rarely observed. However, the 
patients with widespread lymphoma can pres- 
ent systematic symptoms. On physical exami- 
nation, the prostate is usually diffusely 
enlarged and soft with a rubbery consistency 
[297]. TRUS reveals large hypoechoic masses 
located in both the central and peripheral zones 
and sometimes beyond the boundaries of the 
prostate in a young man. CT findings of lym- 
phomas reveal soft tissue masses with rela- 
tively homogeneous enhancement in the vast 
majority of cases (Fig. 3.52). Additionally, MR 
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imaging provides some information about the 
involvement of the bone marrow in patients 
with high-grade non-Hodgkin’s lymphoma. 
Both CT and MR can assess the extent of the 
primary disease and associated lymph node 
enlargement [297]. 


3.10.6 Non-tumorous or Benign 
Condition Mimicking 
Malignancy 

3.10.6.1 Benign Prostatic Hyperplasia 
(BPH) 
BPH may be identified as a single, focal nodule or 
multiple nodules usually within the transition 
zone. The sonographic characteristics of these 
nodules vary, and they may show variable echo- 
genicity. Nodules may be surrounded by a thin 
hypoechoic rim that clearly delineates them from 
the surrounding tissue [305]. On TRUS, it is dif- 
ficult to differentiate these lesions from other 
pathologic processes common to the prostate such 
as prostate cancer or prostatitis because of the 
variable appearance of BPH. Moreover, because 
BPH nodules and prostate cancer may have a sim- 
ilar appearance and echogenicity, it is not possible 
to differentiate BPH nodules from prostate cancer 
reliably, based on sonographic characteristics 
alone (Fig. 3.53). Sometimes, Doppler US was 
tried to differentiate prostate cancer from benign 
prostatic hyperplasia. However, Arger et al. 
reported that quantitative vascularity does not cor- 
relate with malignancy [309], because both pros- 
tate cancer and benign prostatic hyperplasia can 
show increased vascularity. 


3.10.6.2 Prostatitis and Prostatic 
Abscesses 

The symptoms of acute prostatitis include fever, 
pain, tenderness on digital rectal examination, 
dysuria, urgency, and pyuria. Usually, the 
prostate is enlarged and has low echogenicity on 
TRUS. At Doppler US, the vascularity is 
increased [305]. In some cases, acute prostatitis 
can advance to prostate formation, particularly 
in diabetic and immunosuppressed patients. The 
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Fig.3.52 Lymphoma in a 74-year-old man with hematu- 
ria. (a) CT scan shows ill-defined bulky mass involving 
prostate and posterior wall of urinary bladder (arrows). 
(b) Sagittal-reformatted image also shows bulky mass 


replacing whole prostate (arrows). (c) CT scan at right 
kidney lower pole level shows enlargement of lymph 
node. Transurethral resection of bladder (TUR-B) 
revealed diffuse large B cell lymphoma 


Fig. 3.53 Unusual benign prostate hyperplasia mimick- 
ing prostate cancer in a 56-year-old man. (a) TRUS image 
shows huge low and homogenous echoic mass abutting 


organisms most frequently involved are 
Escherichia coli and Staphylococcus, whereas 
gonococcus is rarely encountered [310]. 

The TRUS findings of prostatic abscess include 
low echoic mass within the prostate, which are 
similar to those of prostate cancer, whereas CT 


prostate (arrows). (b) T2-weighted axial scan shows huge 
heterogeneous signal intensity lesion in pelvic cavity 
(arrows) 


reveals a low attenuating prostate lesion with 
peripheral enhancing rims [305] (Fig. ). 
Percutaneous transperineal or TRUS-guided 
aspiration is a useful therapy, because of the 
lower risk of complications as compared with 


surgery [305]. 
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Fig. 3.54 Prostate abscess in a 65-year-old man. (a) 
TRUS image shows relatively well-marginated low echoic 
lesion in the prostate (arrows). (b) Post-contrast CT scan 
shows ill-defined abscess-like lesion involving prostate 


3.10.6.3 Tuberculous Prostatitis 
Tuberculosis can involve the prostate as a form of 
prostatitis or as an abscess [311]. Tuberculosis- 
related granulomatous prostatitis frequently 
occurs in cases of Bacillus Calmette-Guerin 
(BCG) therapy for superficial transitional cell 
carcinoma of the bladder. In a previous report, 
granulomatous prostatitis was identified in 75 % 
of patients who received intravesical BCG 
therapy. 

TRUS in cases of tuberculous prostatitis 
reveals hypo-echogenic lesion or nodule with 
increased vascularity (Fig. 3.55). These findings 
are very similar to that of prostate cancer. Diffuse 
dystrophic calcifications can also be observed 
[311]. Post-contrast Tl-weighted image shows 
peripheral enhancing lesion. 


3.10.6.4 Prostatic Cystadenoma 
Cystadenoma includes multilocular cyst or giant 
multilocular prostatic cystadenoma. It often 
presents with obstructive urinary symptoms, 
with or without a palpable abnormal mass. 
Histologically, this tumor is characterized by 
glands and cysts lined with cuboidal epithelium 
in a fibrous stroma. Positive immunohistochemi- 
cal staining of epithelial cells for prostate-spe- 
cific antigen confirms that the tumor is originated 
from prostate [312]. Usually, these tumors are 
well-circumscribed and mimic nodular hyper- 
plasia with multiple cysts [285]. 
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(arrows). The patient was Klebsiella sepsis patient and 
diagnosed as acute bacterial prostatitis (Published with 
kind permission of Korean Society of Ultrasound in 
Medicine J Korean Soc Ultrasound Med 2006;25:1-—10) 


Image findings reveal a large multiseptated 
cystic mass without evidence of local invasion 
and some soft tissue components may be pres- 
ent (Fig. 3.56). Differential diagnosis includes 
parasitic hyperplasia, a phyllodes variant of 
atypical prostatic hyperplasia, and cystic carci- 
noma [312]. Cystic degeneration in benign pros- 
tatic hyperplasia or retention cysts can be 
differentiated by size. And prostatic abscess can 
be differentiated because they are usually 
accompanied by clinical symptoms and signs of 
infection. 


3.10.6.5 Leiomyoma 

Leiomyoma primarily originated from prostate 
is a very rare disease. It is believed to originate 
from smooth muscle elements of periglandular 
prostatic tissue, the prostatic capsule, or the 
Miillerian duct remnant. Just like other leiomy- 
omas in other organs, it is defined specifically 
as a circumscribed or encapsulated mass of 
smooth muscle with the size of 1 cm or more in 
diameter, containing varying amounts of fibrous 
tissue [313]. 

Occasionally leiomyoma present as a large 
mass bulging into the rectum and produce rectal 
symptoms. TRUS reveals a circumscribed low 
echoic mass. On post-contrast CT images, leio- 
myoma appears to be a round heterogeneous atten- 
uated mass (Fig. 3.57). MR reveals it as an 
isointense signal intensity mass with similar to that 
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Fig. 3.55 Tuberculous prostatitis in a 64-year-old man. _Post-contrast CT shows low-attenuated abscess-like 
(a) TRUS shows low echoic mass-like lesion involving lesion in left peripheral zone (Published with kind permis- 
left lobe of prostate (arrows). (b) Color Doppler image sion of Korean Society of Ultrasound in Medicine 
shows increased vascularity on the lesion (arrows). (c) J Korean Soc Ultrasound Med 2006;25:1-10) 


eJ. 


Fig.3.56 Multilocular cystadenoma in a 64-year-old man. T2-weighted coronal image shows multiseptated high sig- 
(a) Post-contrast CT scan shows relatively well-marginated nal intensity lesion (arrows) (Reprint permission is needed 
cystic lesion involving left lobe of prostate (arrows). (b) J Korean Soc Ultrasound Med 2006;25:1-10) 
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Fig. 3.57 Huge leiomyoma arising from prostate in a 
52-year-old man. T2-weighted axial (a) and sagittal (b) 
images show dark signal intensity mass abutting prostate. 
The signal intensity is very similar to that of uterine leio- 
myoma in women. (c) Post-contrast Tl-weighted axial 


of muscle on a T1-weighted images and as slightly 
hyperintense mass on T2-weighted images [314]. 


3.10.7 Summary 


Many kinds of benign and malignant prostate 
tumor or tumorlike lesions present as low echoic 
focal lesions or nodules on TRUS. And they show 
different signal intensities or attenuations with 
enhancement patterns on MR or CT according to 
histologic type. Even though specific radiologic 
findings suggesting specific diagnosis are rare, 
knowledge about their radiologic and pathologic 
findings helps make an accurate radiologic diag- 
nosis and understanding of clinical findings. 


scan also shows homogenously enhancing mass in pelvic 
cavity. (d) Post-contrast CT scan also reveals solid mass 
with homogenous attenuation. TRUS-guided biopsy 
revealed that this lesion was leiomyoma 


Conclusions 

Grayscale TRUS is the first-line image modal- 
ity in evaluating prostate. Also, it is an essen- 
tial tool for TRUS-guided prostate biopsy. For 
a satisfactory sampling of the prostate, many 
tries were performed to increase diagnostic 
accuracy with small number of cores. 

Using ultrasound contrast agents, micro- 
vascular abnormalities related to tumor 
angiogenesis in prostate cancer can be identi- 
fied and guide an ideal biopsy target repre- 
senting whole status of prostate. Besides, 
targeted microbubbles can show the future 
tool for the evaluation of prostate in the aspect 
of molecular imaging. Because shear wave 
elastography has several advantages in that it 
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can provide quantitative information on tissue 
elasticity, it is a potential modality for evalu- 
ating prostate lesions. More validation studies 
will be needed for the evaluation about the 
role of elastography in the diagnosis of pros- 
tate cancer. 

MR imaging is playing an increasing role 
in the clinical management of patients. From 
the clinical point of view, MR imaging pro- 
vides good accuracy in the detection of clini- 
cally significant cancer. Especially DWI 
showed good correlation with tumor 
aggressiveness. 

MP MRI, which includes T2-weighted image 
and functional images such as diffusion- 
weighted image, and dynamic contrast-enhanced 
image, gives us more information regarding the 
localization of prostate cancer. The MRI images 
can be used to guide TRUS-guided biopsy via 
image registration and fusion. However, the lack 
of standardization in obtaining images and inter- 
preting MR findings is still a problem to be 
solved in the future. 
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4.1 Scrotal Tumor 


4.1.1 Imaging Anatomy 

On ultrasound, the testis appears as a structure 
of intermediate, homogenous echogenicity. 
Mediastinum testis is seen as echogenic band with 
craniocaudal extension just beneath the tunica 
albuginea. Cyst or tubular ectasia is often noted 
within the mediastinum testis. This cystic struc- 
ture is normally not seen, and its presence sug- 
gests obstruction of the distal genital duct. The 
epididymis is the structure of an elongated shape 
around the testis. On ultrasound, the epididymis 
shows similar echogenicity with the testes, but the 


M.H. Moon (D4) 

Department of Radiology, 

SMG-SNU Boramae Medical Center, 

Seoul National University College of Medicine, 
Seoul, Republic of Korea 

e-mail: mmhoan@ gmail.com 


K.C. Moon 

Department of Pathology, 

Seoul National University Hospital, 

Seoul National University College of Medicine, 
Seoul, Republic of Korea 


J.H. Ku 

Department of Urology, 

Seoul National University Hospital, 

Seoul National University College of Medicine, 
Seoul, Republic of Korea 


© Springer-Verlag Berlin Heidelberg 2017 


Tumors of the Male Genitalia 


Min Hoan Moon, Kyung Chul Moon, Ja Hyeon Ku, 
Myong Kim, and Jin Ho Kim 


epididymal head is slightly higher in the echo- 
genicity than the epididymal body and tail. 

The testes appear as structures of homogenous 
signal intensity on MRI. The testes show high 
signal intensity on T2WI and iso signal intensity 
on T1 WI compared with the muscle. The medias- 
tinum testis and the epididymis show similar sig- 
nal intensity to the testes on TIWI, but the 
mediastinum testis and the epididymis show low 
signal intensity distinguished from high signal 
intensity of the testis on T2WI. Therefore, T2WI 
is the standard imaging sequence that can assess 
the internal architecture of the testis (Fig. 4.1). 
The tunica albuginea appears as a membrane of 
low signal intensity on both TIWI and 
T2WI. Although MRI is an excellent imaging 
modality for assessment of testicular anatomy, 
MRI has yet to become a mainstay in the evalua- 
tion of testicular tumor because of its cost, pro- 
longed scanning time, and relative unavailability. 
Furthermore, local staging of the testicular can- 
cer is determined through surgical pathology. 


M. Kim 

Department of Urology, 

Asan Medical Center, University of Ulsan College 
of Medicine, Seoul, Republic of Korea 


J.H. Kim 

Department of Radiation Oncology, 

Seoul National University Hospital, 

Seoul National University College of Medicine, 
Seoul, Republic of Korea 


169 


S.H. Kim, J.Y. Cho (eds.), Oncologic Imaging: Urology, DOI 10.1007/978-3-662-45218-9_4 


170 


M.H. Moon et al. 


Fig. 4.1 Normal MR imaging of the scrotum. (a) On 
T2-weighted sagittal image through the right scrotum, the 
epididymis (arrowheads) shows low signal intensity com- 
pared to the high signal intensity of the testis (arrow). 


(b) On T2-weighted sagittal image obtained medial to (a), 
the vas deferens (curved arrow) appears as serpiginous 
tubular structure of relatively high signal intensity. Note 
that small hydrocele is present in the right scrotal sac 


Table 4.1 Classification of testis tumor according to the origin 


Germ cell tumor 


Sex cord/stromal tumor 


Mixed tumor 


Nonprimary tumor 


Seminoma Leydig cell tumor Gonadoblastoma Lymphoma 
Mixed GCT Sertoli cell tumor Leukemia 
Embryonal cancer Metastasis 


Yolk sac tumor 


Teratoma 


Choriocarcinoma 


4.1.2 Tumor of the Testis 


Testis tumor constitutes 1% of male malignan- 
cies but is the most common malignant tumor in 
young men. The median age of diagnosis is 33 
years. Testis tumor usually presents as a painless 
mass, and nearly one-fifth of patients will have 
metastatic disease at initial diagnosis. However, 
its prognosis is good with 5-year survival rate of 
above 90%. 


4.1.2.1 Tumor Subtypes 

Testicular tumors are subdivided into four major 
categories: germ cell tumors, sex cord/stromal 
tumors, mixed tumors, and nonprimary tumors 
[1] (Table 4.1). Germ cell tumors account for 
most of testicular tumors (90-95 %) and further 
subdivided into seminoma and nonseminomatous 
germ cell tumors (NSGCT). Differentiation of 
seminoma from nonseminomatous germ cell 


tumor plays a critical role in the selection of 
appropriate treatment plan. Seminoma is 
extremely sensitive to radiation therapy, and its 
treatment is composed of radical orchiectomy 
followed by radiation therapy. On the contrary, 
nonseminomatous germ cell tumor is usually 
treated by radical orchiectomy with retroperito- 
neal lymph node dissection followed by chemo- 
therapy. Most common histologic types of germ 
cell tumors include seminoma (35 %), embryonal 
carcinoma (20%), and mixed germ cell tumor 
(40%). The average age of onset of testicular 
cancer is slightly different according to the tes- 
ticular tumor subtypes: yolk sac tumors (0-10 
years), choriocarcinomas (20-30 years), embryo- 
nal carcinomas and teratomas (25-30 years), and 
seminomas (30-40 years) [2]. Tumor markers 
including AFP or hCG are helpful in the 
diagnosis, staging, and treatment response 
evaluation of testis tumors. The elevation of AFP 
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Fig. 4.2 Tumor versus non-tumor. The mass in (a) is 
regarded as testicular mass, and its final pathology was 
mixed germ cell tumor of the right testis. On the other 


suggests yolk sac tumor and the elevation of hCG 
means seminoma or choriocarcinoma. 

Sex cord-stromal tumors account for 4 % of 
all testicular tumors [1], and the majority of sex 
cord-stromal tumor is Leydig cell tumor or 
Sertoli cell tumor. Other sex cord—stromal 
tumors including granulosa cell tumors and 
fibroma—thecomas are very rare. Although sex 
cord-stromal tumors are usually benign, it is 
often difficult to determine the biologic behav- 
ior of sex cord—stromal tumors with histologic 
analysis. Sex cord—stromal tumors can produce 
estrogen or androgen so patients, especially 
with Leydig cell tumors, manifest as preco- 
cious virilization, gynecomastia, or decreased 
libido. 

Nonprimary testicular tumor includes lym- 
phoma, leukemia, and metastasis. Testicular lym- 
phomas accounting for 5% of all testicular 
tumors occur in a much older population and are 
the most common testicular neoplasm in men 
over 60 years of age. Primary testicular leukemia 
is very rare, but the testis is a common site of 
leukemia recurrence in children because the 
blood-testis barrier protects leukemic cells from 
chemotherapeutic agents. 


4.1.2.2 Spread of Testicular Tumors 

Testis tumor most commonly spreads via the 
lymphatic pathway, but choriocarcinoma can also 
spread hematogenously. The retroperitoneal 


hand, the mass (arrow) in (b) is deemed to be paratesticu- 
lar mass, and its final clinical diagnosis was epididymitis 


lymph nodes are the most common site for meta- 
static disease, and evaluation of sentinel nodes is 
important in the assessment of testis tumor. 
Sentinel nodes of the right testicular cancers are 
located in the aortocaval area inferior to the renal 
hilar vessels, and those of the left testicular can- 
cers are located in the para-aortic area bordering 
with left renal vein, ureter, aorta, and inferior 
mesenteric artery. As metastasis advances, metas- 
tasis in sentinel nodes spreads to adjacent retro- 
peritoneum. Crossover drainage to the 
contralateral lymph nodes from the sentinel 
nodes is encountered in 15-20%. Crossover 
drainage from aortocaval lymph nodes to the 
para-aortic lymph nodes is more common than 
vice versa [3, 4]. 


4.1.2.3 US Characterization 
of the Scrotal Mass 

US is the first imaging modality in the evaluation 
of intrascrotal mass. US is a very sensitive imag- 
ing tool for identification of testis mass (almost 
100 % in the sensitivity) and is helpful in the dif- 
ferentiation of testicular mass from paratesticular 
mass. The first step in the evaluation of the scrotal 
mass is to differentiate testicular mass from para- 
testicular mass. Testicular mass is usually malig- 
nant in its nature, but paratesticular mass is 
usually benign in its nature (Fig. 4.2). If the scro- 
tal mass is regarded as testicular germ cell tumor, 
the next step is to differentiate seminomas from 
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Fig. 4.3 US imaging findings of lymphoma. Gray scale US image (a) shows multiple homogenous hypoechoic masses 
in the right testis. On color Doppler US evaluation (b), the masses show markedly increased blood flow in those masses 


nonseminomatous germ cell tumors. US imaging 
findings of the tumor reflect its histologic charac- 
teristics. Therefore, seminoma appears as homog- 
enous low echoic mass due to its uniform internal 
architecture, whereas nonseminomatous germ 
cell tumor appears as a mixed echoic mass due to 
its necrosis or internal hemorrhage. If older men 
present with testis mass, the first impression of the 
testis mass is lymphoma or metastasis. On US, 
testicular lymphoma appears as homogenously 
hypoechoic lesions, and color Doppler evaluation 
shows markedly increased intralesional blood 
flow irrespective of lesion size (Fig. 4.3) [5]. 
Testicular metastasis is generally seen in the set- 
ting of widespread metastasis of primary cancers 
so the US diagnosis of testicular metastasis is not 
difficult although the US appearance of testicular 
metastasis is quite varied. Because the blood-tes- 
tis barrier protects leukemic cells from chemo- 
therapeutic agents, testicular leukemia should be 
considered in the differential diagnosis of testis 
mass in children with leukemia history. The US 
appearance of testicular leukemia is similar to the 
US appearance of testicular lymphoma that pres- 
ents as homogenously hypoechoic lesions with 
markedly increased intralesional blood flow. 


4.1.2.4 Rare Exception 

Because most of intratesticular mass are malig- 
nant tumors and rare benign tumorous condition 
of the testis shows similar clinical and radiologi- 
cal manifestations to the malignant testicular 


tumors, intratesticular mass is usually treated by 
radical orchiectomy with tentative diagnosis of 
malignant testicular tumor. However, some of 
benign tumorous conditions like epidermoid cyst 
or testicular cyst show specific imaging findings 
and familiarity with those imaging features that 
can be helpful in the selection of testis-sparing 
enucleation in the treatment of intratesticular 
mass. The internal content of the epidermoid cyst 
is composed of cheesy laminated material. On 
US, the epidermoid cyst appears as onion-skin 
appearance due to its internal architecture. 
Preoperative diagnosis of epidermoid cyst makes 
urologists to select less invasive enucleation 
instead of more invasive radical orchiectomy. 
Testicular cyst is usually detected incidentally in 
men at least 40 years of age. On US, testicular 
cyst appears as a pure cyst without a perceptible 
wall or internal solid portion. These cysts are 
usually solitary but can also be multiple. 
Testicular cysts adjacent to or within the medias- 
tinum testis are associated with extratesticular 
spermatoceles. Testicular cysts do not require 
treatment. 


4.1.2.5 Staging 

The staging system of the American Joint 
Committee on Cancer (AJCC) is commonly used. 
AJCC staging is a TNMS-based classification 
(T=tumor, N=node, M=metastases, S=serum 
markers) (Table 4.2) [6]. Because T staging is 
determined through surgical pathology, the role of 
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Table 4.2 TNM classification of testicular cancer [5] 
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Stage Description 
Tumor (T) The extent of the primary tumor is usually classified after radical orchiectomy, 
and for this reason, a pathologic category is assigned 
pTx Primary tumor cannot be assessed 
pTO No evidence of primary tumor (e.g., histologic scar in testis) 
pTis Intratubular germ cell neoplasia (carcinoma in situ) 
pT1 Tumor limited to the testis and epididymis without vascular or lymphatic invasion; 
tumor may invade into the tunica albuginea but not the tunica vaginalis 
pT2 Tumor limited to the testis and epididymis with vascular or lymphatic invasion or 
tumor extending through the tunica albuginea with involvement of the tunica vaginalis 
pT3 Tumor invades the spermatic cord with or without vascular or lymphatic invasion 
pT4 Tumor invades scrotum with or without vascular or lymphatic invasion 
Lymph node (N) Clinical category 
Nx Regional lymph node cannot be assessed 
NO No regional lymph node metastasis 
N1 Metastasis with a lymph node mass 2 cm or less in greatest dimension or multiple 


lymph nodes, none more than 2 cm in greatest dimension 


N2 Metastasis with a lymph node mass more than 2 cm but not more than 5 cm in 


greatest dimension or multiple lymph nodes, any one mass greater than 2 cm but not 
more than 5 cm in greatest dimension 


N3 Metastasis with a lymph node mass more than 5 cm in greatest dimension 


Lymph node (N) Pathologic category 


pNx Regional lymph node cannot be assessed 

pNO No regional lymph node metastasis 

pN1 Metastasis with a lymph node mass 2 cm or less in greatest dimension and five or 
fewer nodes positive, none more than 2 cm in greatest dimension 

pN2 Metastasis with a lymph node mass more than 2 cm but not more than 5 cm in 
greatest dimension; more than five nodes positive, none more than 5 cm; or evidence 
of extranodal extension of tumor 

pN3 Metastasis with a lymph node mass more than 5 cm in greatest dimension 

Metastasis (M) 

MO No evidence of distant metastasis 

MI Distant metastasis 

Mla Nonregional nodal or pulmonary metastasis 

Mib Distant metastasis other than to nonregional nodes and lungs 

Serum tumor markers (S) S category is determined using the nadir value of the postorchiectomy tumor markers 

Sx Tumor marker studies not available or not performed 

SO Tumor marker levels within normal limits 

S1 Lactate dehydrogenase (LDH) <1.5 times normal and hCG <5000 mIU/mL and 
a-fetoprotein (AFP) <1000 g/mL 

S2 LDH 1.5-10 times normal or hCG 5000-50,000 mIU/mL or AFP 1000-10,000 g/mL 

S3 LDH >10 times normal or hCG >50,000 mIU/mL or AFP >10,000 g/mL 


imaging is focused on the assessment of N and M 
staging. Abdominopelvic CT is the reference stan- 
dard for the assessment of N and M staging of testis 
tumors (Fig. 4.4). Testicular cancer has a high pro- 
pensity for nodal micrometastasis [7]. Because the 
identification of metastatic lymph nodes is based 


on size criteria, abdominopelvic CT provides sen- 
sitivity of about 70-80 %. Chest CT is performed if 
metastatic adenopathy is noted in the abdomino- 
pelvic CT and additional imaging like brain imag- 
ing is warranted if clinical suspicions are present. 
Testicular cancers can be grouped into three major 


174 


M.H. Moon et al. 


categories according to the TNMS-based classi- 
fication: tumors limited to the testis are stage I, 
those with retroperitoneal nodal involvement 
are stage II, and those with distant disease are 
stage II [6]. 


4.1.3 Special Consideration 
in Testis Tumor 


4.1.3.1 Testicular Microlithiasis 
Testicular microlithiasis is defined as five or 
more microliths on US image (Fig. ) Ul: 


Microcalcifications within the lumen of the 


Fig. 4.4 Seminoma with lymph node metastasis. (a) US 
image through the scrota shows ill-defined, slightly 
hypoechoic mass (arrow) in the right testis. (b) 
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Fig. 4.5 US imaging finding of testicular microlithiasis. 
US image through the right testis (a) shows multiple echo- 
genic spots in the testicular parenchyma, suggestive of 


seminiferous tubules are responsible for testicu- 
lar microlithiasis, and defect of the phagocytic 
activity of Sertoli cells is regarded as being 
responsible for testicular microlithiasis [8]. The 
prevalence of testicular microlithiasis is reported 
as being between 0.6 and 9% of symptomatic 
men [9]. Although the risk of testicular cancer is 
increased up to 21.6 times [10], it is doubtful 
whether US follow-up would substantially 
change the outcome [11]. 


4.1.3.2 Burned-Out Germ Cell Tumor 
Burned-out germ cell tumor is defined as a 
germ cell tumor with spontaneous regression. 


Abdominopelvic CT scan shows metastatic lymph nodes 
in the retrocaval and para-aortic area (arrow) 
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microlithiasis. On the longitudinal scan of the left testis 
(b), hypoechoic mass (asterisk) is noted in the left testis 
with microlithiasis 
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The pathogenesis of burned-out germ cell 
tumor is uncertain but is presumed to be due to 
rapid outgrowth beyond the blood supply [1]. 
Because burned-out germ cell tumor presents 
with metastasis in the form of extragonadal 
germ cell tumor, we should consider two pos- 
sibilities when faced with extragonadal germ 
cell tumors. One is a primary germ cell tumor 
originated from the extragonadal germ cells 
that is aberrantly migrated from the yolk sac, 
and the other is an extragonadal metastasis of 
burned-out germ cell tumor. Primary extrago- 
nadal germ cell tumors occur commonly in the 
pineal gland, mediastinum, retroperitoneum, 
or sacrum [12]. Because retroperitoneal germ 
cell tumors are more likely to be a metastasis 
from a primary testicular tumor, the testis 
should be thoroughly interrogated to rule out 
the possibility of an occult testicular primary 
lesion. 


4.1.3.3 Germ Cell Tumor 
in Undescended Testis 

There is a strong association between unde- 
scended testis and testicular carcinoma, espe- 
cially seminoma. Therefore, the possibility of 
testicular cancer should be considered in the 
evaluation of undescended testis. The patho- 
physiology of malignant transformation in 
undescended testes is uncertain, and orchio- 
pexy, performed even at an early age, does not 
decrease the risk of testicular carcinoma. 
Furthermore, the risk of testicular cancer is not 
limited to the undescended testis, and the risk 
extends to the contralateral normal testis [1]. 
MR is the most helpful imaging modality in the 
detection of associated testicular carcinoma in 
men with undescended testis. US or CT is not 
good due to its poor tissue contrast. Undescended 
testis of over 2 cm in US or CT should consider 
the possibility of associated testicular carci- 
noma. The majority of the cases present as 
homogenous mass developed in the abdomi- 
nally located testis. The demonstration of ipsi- 
lateral spermatic cord absence makes specific 
diagnosis of testicular tumor associated with 
undescended testis. 
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4.1.4 Tumor of the Epididymis 
and Spermatic Cord 


4.1.4.1 Epididymal Tumor 

Tumorous conditions of the epididymis and 
spermatic cord are rarely encountered in the 
clinical practice, and most of them are benign in 
their nature. The adenomatoid tumor is the most 
common benign tumor of the epididymis. 
Leiomyoma or papillary cystadenoma is the next 
common benign tumor of the epididymis. 
Adenomatoid tumor is a benign neoplasm of 
uncertain origin. Adenomatoid tumor occurs fre- 
quently in the epididymal tail and appears as a 
well-defined round mass on US evaluation. The 
internal echogenicity of the adenomatoid tumor 
seems to be homogenous and slightly hyper- 
echoic compared with the epididymis. Papillary 
cystadenoma is frequently associated with von 
Hippel—Lindau disease. On US evaluation, pap- 
illary cystadenoma shows nonspecific imaging 
features indistinguishable from adenomatoid 
tumor or leiomyoma, but papillary cystadenoma 
has the tendency to be more cystic compared 
with adenomatoid tumor or leiomyoma. Sperm 
granuloma is a nontumorous condition mimick- 
ing epididymal tumor. Most of epididymal tumor 
needs enucleation, but sperm granuloma is 
treated conservatively or by epididymectomy for 
relief of postvasectomy pain syndrome. 
Therefore, differentiation of sperm granuloma 
from epididymal tumor is clinically important. 
Sperm granuloma itself shows imaging feature 
indistinguishable from epididymal tumor, but 
previous vasectomy-related findings including 
dilated epididymal system can be helpful in the 
differential diagnosis. 


4.1.4.2 Spermatic Cord Tumor 

Lipoma is the most common extratesticular neo- 
plasm and can occur anywhere within the scro- 
tal sac. Lipoma accounts for more than half of 
the neoplasms that developed in the spermatic 
cord. Lipoma appears as echogenic mass on US 
evaluation (Fig. 4.6). However, this US imaging 
feature is a nonspecific finding that can be also 
seen in other disease entities such as inguinal 
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hernia or sarcoma. Cross-sectional imaging like 
CT or MR might be helpful for specific diagnosis 
of lipoma by demonstrating internal fat content. 
When the mass of the spermatic cord is not 
lipoma, the possibility of malignant spermatic 
cord mass is increased. A report says that sper- 
matic cord mass other than lipoma is a malig- 
nantmassinabout56 %[13].Rhabdomyosarcoma 
is the most common malignant tumor of the 
spermatic cord in children, and liposarcoma is 
the most common malignant tumor of the sper- 
matic cord in adults. Because the malignant 
mass of the spermatic cord is usually large and 
the relationship with adjacent structure can be 
helpful in the assessment of its origin, MR with 
large FOV and good tissue contrast is helpful in 
the evaluation of malignant spermatic cord 
tumor. 


Fig. 4.6 Lipoma of the spermatic cord in a 62-year-old 
man. (a) Longitudinal scan of the left scrotum shows 
echogenic mass (asterisk), separated from the left testis 
(T). (b) The mass appears as heterogeneously high echoic 
mass (arrowheads) along the spermatic cord 
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4.1.5 Pathologic Consideration 
of Scrotal Tumors 


4.1.5.1 Pathology of Germ Cell Tumor 


Seminoma 

Grossly seminoma is well-circumscribed, fre- 
quently lobulated mass with homogenous gray- 
white cut surface (Fig. 4.7a). Hemorrhage and 


Fig. 4.7 Pathologic findings of seminoma. (a) Grossly 
seminoma is well-circumscribed and lobulated mass with 
homogenous whitish cut surface. (b) Microscopically 
tumor cells are arranged in solid pattern. (c) Tumor cells 
have round uniform nuclei, prominent nucleoli, and abun- 
dant clear cytoplasm 
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necrosis usually are not found. The presence of 
hemorrhage and necrosis may suggest mixed 
germ cell tumor with other nonseminomatous 
component. Microscopically, main architectural 
pattern is solid sheets or nests (Fig. 4.7b). Tubular, 
alveolar structures can be admixed. Tumor cells 
are round, uniform cells with abundant cytoplasm 
and distinct cell membrane (Fig. 4.7c). Nuclei are 
centrally located, round and uniform with promi- 
nent nucleoli. Fibrous septa between tumor cell 
sheets or nests are often prominent. Lymphocytes 
and plasma cell infiltration are frequently found. 
Granulomatous reaction and syncytiotrophoblas- 
tic giant cells can be seen. 


Embryonal Carcinoma 

Grossly embryonal carcinoma is poorly demar- 
cated mass with variegated cut surface. 
Hemorrhage and necrosis are common (Fig. 4.8a). 


Fig. 4.8 (a) Cut surface of embryonal carcinoma shows 
poorly demarcated whitish mass with focal hemorrhage 
and necrosis. Microscopically embryonal carcinoma 
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Microscopically embryonal carcinoma shows 
variable growth patterns such as solid growth, 
papillary, or glandular pattern (Fig. 4.8b, c). 
Tumor cells are large and highly pleomorphic 
with amphophilic cytoplasm. Mitotic figures, 
hemorrhage, and necrosis are common (Fig. 4.8d). 


Yolk Sac Tumor 

Grossly yolk sac tumor is solid, gray-white to yel- 
lowish mass with myxoid or gelatinous cut sur- 
face (Fig. 4.9a). Microscopically, yolk sac tumor 
reveals variable growth patterns such as micro- 
cystic or reticular pattern, macrocystic pattern, 
solid pattern, glandular—alveolar pattern, endo- 
dermal sinus pattern, papillary pattern, 
myxomatous pattern, polyvascular vitelline pat- 
tern, hepatoid pattern, and enteric pattern 
(Fig. 4.9b, c). Microcystic or reticular pattern is 
the most common pattern. This pattern is 


shows variable growth pattern including solid growth (b) 
and glandular pattern (c). Nuclear pleomorphism and 
mitosis are common (d) 
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Fig. 4.9 (a) Cut surface of yolk sac tumor is grayish 
homogenous and somewhat myxoid. Microscopically 
yolk sac tumor shows variable patterns including micro- 
cystic pattern (b, center, arrow), solid pattern (b, right 
side, arrow head), and endodermal sinus pattern (c) with 
Schiller—Duval body (arrow) 


composed of aggregates of vacuolated cells resem- 
bling honeycomb appearance. Each tumor often 
shows multiple growth patterns. Tumor cells are 
relatively uniform and somewhat bland looking. 


Choriocarcinoma 

Choriocarcinoma generally is mixed with 
other germ cell tumor component, and pure 
choriocarcinoma in testis is very rare [14]. 
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Fig. 4.10 (a) Grossly choriocarcinoma is hemorrhagic 
mass with frequent necrosis. (b) Microscopically chorio- 
carcinoma is composed of mononuclear cytotrophoblasts 
(arrow) and multinucleated — syncytiotrophoblasts 
(arrowhead) 


Grossly this tumor usually shows hemorrhage 
and necrosis (Fig. 4.10a). Microscopically, 
choriocarcinoma is composed of cytotropho- 
blasts and syncytiotrophoblasts (Fig. 4.10b). 
Cytotrophoblast is round mononuclear cells with 
distinct cell border and clear to amphophilic 
cytoplasm. Syncytiotrophoblast is multinucle- 
ated cells with smudged nuclei and abundant 
eosinophilic cytoplasm. Syncytiotrophoblasts 
frequently cover the nest of cytotrophoblasts. 


Teratoma 

Teratoma is defined as germ cell tumor composed 
of more than one type of tissue of different germi- 
nal layers (endoderm, mesoderm, and ectoderm). 
Grossly teratoma shows variegated cut surface 
with partly solid and cystic areas. Hair, cartilage, 
or bone can be found (Fig. 4.1 1a). Microscopically 
teratoma consists of mixture of tissues of three 
germ layers (Fig. 4.11b). Well-differentiated 
mature elements consist of squamous epithelium, 
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Fig. 4.11 (a) This gross photograph of teratoma mainly 
shows cartilaginous component. (b) Microscopically this 
tumor has cartilage and glandular components 


neural tissue, glandular elements, or muscular tis- 
sues. Fetal-type immature elements such as undif- 
ferentiated mesenchyme, fetal-type glands, or 
primitive neuroepithelium can be admixed. 


Dermoid Cyst and Epidermoid Cyst 

Dermoid cyst means monodermal teratoma com- 
posed of cysts lined by keratinizing squamous 
epithelium with skin appendages [15]. Epidermoid 
cyst does not contain skin appendages (Fig. 4.12). 


Mixed Germ Cell Tumor 

Mixed germ cell tumor is defined as germ cell 
tumor composed of more than one histologic 
type. Grossly mixed germ cell tumor shows het- 
erogeneous cut surface with frequent hemorrhage 
and necrosis (Fig. 4.13a). Microscopically vari- 
ous germ cell tumor components can be admixed 
(Fig. 4.13b). Mixed germ cell tumors account for 
35-54 % of all testicular germ cell tumors [14]. 


Fig. 4.12 Epidermal cyst of testis is composed of cyst 
lined by squamous epithelium and filled with keratin 
materials 


4.1.5.2 Pathology of Sex Cord Stromal 
Tumor 


Leydig Cell Tumor 

Grossly Leydig cell tumor is well-demarcated 
yellow to gray mass with homogenous cut sur- 
face (Fig. 4.14a). Microscopically Leydig cell 
tumor is composed of round to polygonal tumor 
cells with abundant eosinophilic cytoplasm 
resembling Leydig cells (Fig. 4.14b). Leydig cell 
tumor shows solid or nodular growth pattern. 


Sertoli Cell Tumor 

Sertoli cell tumor is grossly well-circumscribed 
mass with tan to yellow color. Microscopically 
tumor cells are uniform round, oval, or columnar 
cells with clear to eosinophilic cytoplasm. Tumor 
cells frequently show tubular arrangement. Solid, 
cord, microcyst, or nest formations can be found 
[16, 17]. 


4.1.5.3 Tumors of Paratesticular 
Structures 


Adenomatoid Tumor 

Adenomatoid tumor is a benign mesothelial ori- 
gin tumor. Grossly adenomatoid tumor is small 
well-demarcated tumor. Microscopically this 
tumor is mainly composed of vacuolated meso- 
thelial cells. Tumor cell arrangement is cord, 
nest, or tubule formation (Fig. 4.15). 
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Fig. 4.13 (a) Grossly mixed germ cell tumor shows vari- 
able morphology depending on the proportion of germ 
cell tumor components. Hemorrhage and necrosis are 
common findings. (b) This photograph shows embryonal 
carcinoma (upper part) and seminoma (lower part) 


Papillary Cystadenoma of Epididymis 

This tumor is a benign epithelial tumor showing 
papillary arrangement and frequently associated 
with von Hippel—Lindau disease [18]. Grossly 
this tumor is well circumscribed and variably 
cystic [18]. Tumor cells are cuboidal to columnar 
epithelial cells with clear cytoplasm, and these 
cells are arranged in tubular, cystic, and papillary 
architecture (Fig. 4.16). 


4.1.6 Therapeutic Consideration 
of Scrotal Tumors 


Testis tumor can be broadly categorized as semi- 
noma and nonseminomatous germ cell tumor 
(NSGCT) due to difference in their natural history 
and treatment. The multidisciplinary treatment 
approach including surgical management to testis 
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Fig. 4.14 (a) This photograph reveals small Leydig cell 
tumor showing grayish homogenous cut surface. (b) 
Microscopically tumor cells resemble Leydig cells having 
abundant eosinophilic cytoplasm and round uniform nuclei 


Fig. 4.15 Microscopic findings of adenomatoid tumor of 
testis showing variable-sized tubule formation 


tumor enables the dramatic improvements of can- 
cer-specific survival rate around 60 % in the 1960s 
to over than 90 % in the 1990s [19]. 


4 Tumors of the Male Genitalia 


Fig. 4.16 Papillary cystadenoma is composed of clear 
cells with tubulopapillary architecture 


The management decisions are directly 
related to the clinical stage (CS) and histologic 
subtype of the primary tumor. The American 
Joint Committee on Cancer (AJCC) and Union 
Internationale Contre le Cancer (UICC) devel- 
oped the international consensus classification 
for testis tumor in 1997 and lastly updated in 
2002 [20, 21]. The CSs are broadly categorized 
as follows: CS I, disease confined to testis; CS 
II, presence of regional (or retroperitoneal) 
lymph node metastasis; and CS II, cases with 
nonregional lymph node or visceral metastasis 
(20, 21]. 


4.1.6.1 Surgical Management 

In the treatment of testis tumor, surgery remains 
as a core part of the management. However, the 
advance in chemotherapy and improvement in 
clinical staging due to the exquisite imaging 
modality and serum tumor markers reduced their 
role in the past few decades [22]. 

Because testis tumors are rapidly growing, 
surgery should be performed immediately 
without delays longer than 1-2 weeks. 
However, unfortunately, delays in the diagno- 
sis and treatment of testis tumors are very fre- 
quent [23]. Bos] et al. reported that there are 
significant differences in delayed intervals for 
diagnosis between the early (CS I) and 
advanced (CS II and II) stage testis tumor. 
Painless scrotal mass is often ignored up to 
18% [24]. Careful history taking and physical 
examination, as well as imaging modality and 
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serum tumor markers, are important for correct 
diagnosis. 


Radical Orchiectomy 

Patients who are suspected the testis tumor 
should undergo orchiectomy. Approximately 
80-85 % of CS I seminoma and 70-80 % of CS 
I NSGCT can be curative by the radical orchi- 
ectomy itself. Moreover, radial orchiectomy 
can provide the information regarding histo- 
logic subtype and their primary T stage. Those 
reviews of primary testis tumor specimens are 
important for decision-making for further 
treatments [25]. 

Radical orchiectomy with removal of testis 
and their spermatic cord to the level of internal 
inguinal ring is the choice of the first treatment. A 
simple orchiectomy via trans-scrotal incision is 
not generally recommended, because this proce- 
dure leaves the inguinal spermatic cord. 

This leaved cord enables the lymphatic drain- 
age from the testis; therefore, the risks for local 
recurrence and lymph node metastasis are 
increasing. Open or trans-scrotal aspiration biop- 
sies were also prohibited due to the increasing 
chance of tumor spillage. 

The procedure is routinely performed under 
general or spinal anesthesia. Patient was placed 
to supine position and aseptically draped the 
lower abdomen including the genitalia. An 
oblique incision is made in the inguinal area. 
About 5-7 cm sized incision is made above 2 cm 
and parallel to the inguinal ligament. The inci- 
sion can be extended to the upper scrotum in 
cases of large tumors. Transverse incision along 
the Langerhans skin line can be made for cos- 
metic advantage, but delivery of testis from scro- 
tum can be more difficult. 

The external inguinal ring should be identified 
for orientation. From there, external oblique 
muscle fascia (Camper and Scarpa’s fascia) is 
incised sharply with awareness not to injure the 
ilioinguinal nerve running just beneath it. The 
spermatic cord including the cremaster muscle is 
bluntly dissected using the peanut dissectors 
inferiorly and then isolated. Isolated cord is 
tagged with a 0.5 in. Penrose or a 14 Fr Nelaton 
tourniquet. The cord is lifted by the tourniquet 
and dissected cephalad as far as the internal ring. 
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Fig.4.17 Delivery of the testis (T) 


At the level of internal ring, the cord is clamped 
using a tourniquet or Kelly preventing the upward 
spreading of the tumor. 

After that, the testis is delivered onto the field 
via skin incision. The neck of the scrotum was 
stretched to be in a straight line; thereafter, the scro- 
tum is gently pushed to deliver the testis (Fig. 4.17). 
Further dissection of Scarpa’s fascia or division of 
gubernacular attachment may be needed for deliv- 
ery. The delivered testis should be draped off from 
the field using a sterile towel to prevent the spill- 
age. At this point, if there is any suspicion about the 
diagnosis, the biopsy of the testis can be considered 
without risk of spread. If the results of the intraop- 
erative frozen biopsy are implying the cancer, the 
orchiectomy can be gone ahead. 

After mobilizing the spermatic cord 1-2 cm 
inside the internal ring, the vas deferens and the 
cord vessels should be dissected and clamped 
separately (Fig. 4.18). The ligations also should 
be performed individually. After the double 
clamps of divided cords, at the proximal of the 
clamping, double ligations for each cord using 
2-0 or 3-0 nonabsorbable ligatures should be per- 
formed. The cord is transected at the proximal of 
the double ligation. 

After the orchiectomy, meticulous bleeding 
control of operative bed should be done. Irrigation 
with sterile distilled water also should be per- 
formed. Thereafter, conjoined tendon is sutured to 
the leaved edge of the inguinal ligament. External 


Fig. 4.18 Division of spermatic cord into the vas defer- 
ens (VD) and cord vessels (C) 


oblique muscle fascia is imbricated with interrupt 
or continuous 3-0 absorbable sutures. Subcutaneous 
tissue is closed using 3-0 or 4-0 absorbable sutures. 
Skin is sutured with metallic stapler or nonabsorb- 
able interrupt sutures. Drain is not necessary to 
place. Concomitant placement of testicular pros- 
thesis is not generally recommended. In cases of 
spinal anesthesia, transient placement of Foley ure- 
thral catheter or intermittent catheterization for uri- 
nary drainage may be needed. 


Testis-Sparing Surgery 
Testis-sparing surgery such as partial orchiectomy 
has no role in patients with normal contralateral 
testis. However, it can be considerable for small- 
sized organ-confined tumor in patients with bilat- 
eral testis tumor or with solitary testis. Patients 
with suspected benign tumor also can consider 
this surgical procedure. Partial orchiectomy is not 
feasible when the testis tumors are not small 
(>2 cm), because the leaved normal parenchyma 
is often insufficient after all [25]. In the cases of 
testis-sparing surgery, adjuvant radiotherapy 
using dose of >20 Gy is recommended by some 
groups. Heidenreich et al. reported that there had 
been no recurrence during 91 months follow-up in 
46 patients with small organ-confined testis 
tumor, who underwent adjuvant radiotherapy 
after the partial orchiectomy [26]. 

When partial orchiectomy is performed, 
biopsy for adjacent normal parenchyma should be 
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done to rule out the accompanying intratubular 
germ cell neoplasia (ITGCN). The ITGCN has a 
50% risk of testis tumor in a 5-year follow-up 
therefore that is well known to be a prodromal 
lesion of testis tumor [27]. 

The procedure is routinely performed under 
general or spinal anesthesia. From the position- 
ing to the delivery of the testis, whole procedures 
are similar with radical orchiectomy. After the 
delivery, delivered testis is placed on a folded 
sterile towel to prevent the spillage. If there are 
doubts about the diagnosis, intraoperative testis 
biopsy can be done without risk of spread because 
the testis is draped out of field. After exposure of 
the testis, the tunica albuginea is incised along 
the whole length of the testis. The edge of tunica 
albuginea is grasped with mosquito clamps. The 
testicular tubules are bluntly dissected from the 
inner layer of tunica albuginea using 4x4 in. 
gauze wrapped around the index finger. After 
blunt dissection, remained stalk which supplies 
testis tubule tissues is ligated with 2-0 absorbable 
ligatures and resected. Remained stump and 
entire inner surface of tunica albuginea should be 
fulgurated using an electrocautery to ablate 
potential residual tumor cells. Tunica albuginea 
is closed with 3-0 absorbable continuous sutures. 
Skin repair procedure is similar to that of radical 
orchiectomy. 


Simple Orchiectomy 

Simple orchiectomy is not recommended for the 
treatment of testis tumor, because this procedure 
leaves the inguinal spermatic cord. Leaved cord 
enables the lymphatic drainage; therefore, the 
risks for local recurrence and lymph node metas- 
tasis are increasing. A recent meta-analysis 
reported that local recurrence rate was 2.9% of 
206 patients with scrotal violation compared to 
0.4 % of patients who underwent radical orchiec- 
tomy [28]. It has been reported that suboptimal 
approaches for testis tumors occurred up to 17 % 
of tumors [29, 30]. 

Simple orchiectomy is generally performed for 
the purpose of androgen axis blockage in advanced 
prostate cancer. Bilateral simple orchiectomy 
reduces circulating testosterone levels <50 ng/dL, 
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Fig. 4.19 Resection and ligation of isolated vas deferens 
(VD) from cord vessels (CV) 


which is considered the castration level within 
24 h of the surgery [30]. A series of large clinical 
trials established the effectiveness of this 
procedure in advanced prostate cancer [31, 32]. 

The procedure is routinely performed under 
general, spinal, or local anesthesia. Position of 
patients is similar to that of radical orchiectomy. 
Initially, a vertical 3 to 5 cm incision on the scro- 
tal median raphe is made. 

After initial incision, electrocautery is recom- 
mended to utilize for transection of inner layers 
including dartos muscle and cremasteric layers 
that can reduce the risk of scrotal hematoma for- 
mation. Transection is made until the bluish 
tunica vaginalis is presenting. Within the tunica 
vaginalis the testis is pushed and delivered into 
the wound. If the delivery is interfered by the 
tunica vaginalis, that layer can be alternatively 
opened for mobilizing the testis. Mobilized testis 
is drawn until the epididymis and cord are 
exposed. 

The cord is dissected to divide into the vas 
deferens and cord vessels. Divided vas deferens 
is ligated separately using 3-0 synthetic absorb- 
able suture (Fig. 4.19). The cord vessels are 
resected at the level lower than internal inguinal 
ring. To ensure the cord is not slippery, proximal 
double clamping is mandatory. Remained stump 
of the cord should be doubly ligated. Using more 
than one suture ligation with 2-0 synthetic 
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absorbable suture is recommended, because 
remained cord vessels tend to retract into the 
internal inguinal ring after division. If the ligature 
is lost, the uncontrolled major bleeding may 
occur at scrotal or inguinal area. 

Before closing, awareness for bleeding is 
needed because a scrotal hematoma can be dra- 
matically large. Any bleeders in the dartos and 
subcutaneous tissue should be electrocauterized 
meticulously to avoid a distressing scrotal 
hematoma. Drains are rarely placed. The tran- 
sected dartos layer and skin are individually 
repaired using 4-0 or 5-0 synthetic absorbable 
sutures. In spinal anesthesia, transient place- 
ment of the Foley urethral catheter can be 
considered. 


Retroperitoneal Lymph Node Dissection 
(RPLND) 

Postorchiectomy levels of serum tumor markers 
(AFP, hCG, and LDH) are important for staging 
and the selection of further treatment. Therefore, 
all patients are recommended to assess for 
appropriate decline in those markers after the 
orchiectomy. Further management decisions 
should be referred to the levels of serum tumor 
markers measured within 4 weeks after the 
orchiectomy. The presence or new elevation of 
serum tumor marker levels after orchiectomy 
implies metastatic diseases; thus, those patients 
should be considered to receive the induction 
chemotherapy. 

Except for choriocarcinoma, almost all testis 
tumors are spreading via lymphatic channels 
from the testis to the retroperitoneal lymph nodes 
(RPLNs). On the other hand, choriocarcinoma 
tends to disseminate hematogenously. Therefore, 
retroperitoneum is the most common initial met- 
astatic site of the testis tumor accounting up to 
70-80 % of total cases. Detailed mapping studies 
using RPLND series identified that the primary 
“lending zone” of right testis tumors is the inter- 
aortocaval lymph nodes, after which lymphatics 
are drained to paracaval or para-aortic lymph 
nodes. For left testis tumors the primary drained 
site is the para-aortic lymph nodes followed by 
the interaortocaval nodes [3]. Because the direc- 
tion of lymphatic drainage in the retroperitoneum 
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is from right to left, contralateral lymph node 
spread from right-sided testis tumors is common, 
but contralateral retroperitoneal spread from left- 
sided tumor is rare. Therefore, extents of tem- 
plates for RPLND are different between the 
right- and left-sided testis tumors. 

Conventionally RPNLD should be considered 
in all NSGCT patients with stage IIB or lower 
[33, 34]. However, improved accuracy of clinical 
staging by imaging work-up and the extended 
application of cisplatin-based chemotherapy cut 
back the conventional role of RPLND [4, 35]. 
The possible infertility resulting from retrograde 
ejaculation also limits the clinical use of 
RPLND. In patients with stage 1A and 1B (T2 
only), the surveillance instead of RPLND can be 
considered [34]. The suitable clinical indications 
for preferred RPLND in NSGCT are as follows: 
(1) clinical stage IB (>T3) with negative marker; 
(2) stage IIA with negative marker; (3) stage IIB 
with unifocal tumors size <3 cm, with ipsilateral 
nodes restricted to the primary lending zone with 
negative marker; and (4) all stage II treated with 
primary chemotherapy with residual mass 
(>1 cm) on CT scan. Chemotherapy should be 
considered as a first-line treatment in persistent 
tumor marker (>S1) or advanced stage (>HI) 
NSGCT [33, 34]. 

For standard RPLND, the nodal area to be 
resected for right-sided tumors stops over the 
aorta and includes interaortocaval, right paraca- 
val, and right iliac nodes. For left-sided tumors, 
dissection stops medially over the vena cava and 
includes the interaortocaval, left para-aortic, and 
left iliac nodes. A modified nerve-sparing 
RPLND can be also considered in low-stage 
tumors (stage <1B) to prevent the retrograde 
ejaculation [33, 34]. A modified dissection tem- 
plate is unilateral below the inferior mesenteric 
artery and bilateral above. 


4.1.6.2 Radiation Therapy 

Radiation therapy has its role in seminoma. 
Approximately 80% of seminoma patients are 
clinical stage I. In those patients surveillance, 
single-agent carboplatin, and radiation therapy 
are accepted as treatment options [33, 34]. The 
long-term cancer control with those modalities 
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approached nearly 100%. Seminoma patients 
with stage IIA or IIB with non-bulky disease also 
can consider the radiation therapy [34]. 

Generally, the radiation therapy is recom- 
mended to start after the orchiectomy wound has 
fully healed. Patients are routinely treated 5 days 
a week. Linear accelerators with >6 MV protons 
should be utilized when possible. A non-contrast 
CT scan simulation should be performed in the 
treatment position. In stage IA, IB, and IS of 
seminoma, a total dose of 20 Gy in ten fractions 
is recommended. Irradiated field may be deter- 
mined by bony anatomy. The superior and infe- 
rior borders are recommended as the bottom of 
vertebral body T11 and L5. The width of lateral 
borders is generally 10 cm wide (strip fields). In 
stage IIA and IIB, two consecutive phase radia- 
tion therapies are recommended. First phase is 
performed in modified dog-leg fields [36] with 
20 Gy in ten fractions. Second phase is performed 
in nodal mass contoured fields with daily 2 Gy 
fractions to a total cumulative dose of 30 Gy 
(stage ITA) and 36 Gy (stage IIB) [34]. 


4.1.6.3 Chemotherapy 

One of the most important features of testis tumor 
is their sensitivity to cisplatin-based chemother- 
apy. This characteristic of testis tumor enables 
cure in most of the patients even though with 
extensive metastasis. With the establishment of 
cisplatin-based chemotherapy on testis tumor, 
cancer-specific survival has been dramatically 
improved [19]. Before the cisplatin-based che- 
motherapy was introduced, cure chance for 
patients with advanced testis tumor was lower 
than 10%. However, the long-term survival for 
patients with metastatic testis tumor has been 
higher than 80 % [18]. 

Chemotherapy has its important roles in all 
histologic subtypes of testis tumor. In seminoma, 
one or two cycles of single-agent carboplatin 
(regimen, 700 mg/m? IV) can be considered as a 
treatment option in stage JA and IB. In stage II 
and III seminoma, four cycles of EP (regimen: 
etoposide 100 mg/m? IV on days 1-5, cisplatin 
20 mg/m? IV on days 1-5, repeat every 3 weeks) 
or three cycles of BEP (regimen: etoposide 
100 mg/m? IV on days 1-5, cisplatin 20 mg/m? 
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IV on days 1-5, bleomycin 30 units IV weekly on 
days 1, 8, and 15, repeat every 3 weeks) should 
be considered [33, 34]. 

In NSGCT, one or two cycles of BEP can be 
considered in stage IB. In NSGCT stages IS, I, 
and IIIA, four cycles of EP or three cycles of BEP 
are recommended. Only four cycles of BEP can 
be applied in stage IIIB; four cycles of BEP or 
four cycles of VIP (regimen: etoposide 75 mg/m? 
IV on days 1-5, mesna 120 mg/m? slow IV push 
before ifosfamide on day 1, 1200 mg/m? IV on 
days 1-5, ifosfamide 1200 mg/m? on days 1-5, 
cisplatin 20 g/m? IV on days 1-5, repeat every 3 
weeks) are recommended as treatment options. In 
stages IIA and IIB, if there are residual masses 
(>1 cm) after the chemotherapy, consolidative 
bilateral RPLND should be performed [33, 34]. 


4.2 Penile Tumor 


4.2.1 Imaging Anatomy 

The penis is divided into a penile root, a penile 
shaft, and a penile glans. The penile shaft consists 
of the paired dorsolateral corpora cavernosa and 
the single ventral corpus spongiosum. In the 
penile root, the corpora cavernosa is attached to 
the symphysis pubis, and the corpus spongiosum 
is attached to the urogenital diaphragm (Fig. 4.20). 
The glans of the penis is an anterior extension of 
the corpus spongiosum which contains the ure- 
thra. Three fascial layers (the Colles fascia, the 
Buck’s fascia, and the tunica albuginea) surround 
the corpora cavernosa and the corpus spongio- 
sum. The innermost fascia is the tunica albuginea 
and it surrounds each corpus individually. The 
Buck’s fascia surrounds the corpora cavernosa 
and the corpus spongiosum while separating the 
corpora cavernosa from the corpus spongiosum. 
The Buck’s fascia acts as a barrier to corporal 
invasion and hematogenous spread of the penile 
cancer [37]. The outermost Colles fascia is located 
between the subcutaneous connective tissue and 
the overlying skin. The lymphatic drainage from 
the skin of the penis and prepuce is toward the 
superficial inguinal nodes, and the lymphatic 
drainage from the glans penis is toward the deep 
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Fig. 4.20 Normal MR imaging of the penile root. (a) On 
T2-weighted axial scan of the penile root, both corpora 
cavernosa (curved arrows) are attached to the inferior 
ramus of the symphysis pubis. (b) On T2-weighted sagit- 
tal scan, the corpus spongiosum containing the urethra 
(arrowheads) is attached to the urogenital diaphragm 
(arrow) 


inguinal lymph nodes. The lymphatic drainage 
from the erectile tissue and penile urethra is 
toward the internal iliac nodes [38]. 

US is the primary imaging modality for assess- 
ment of the penis because of its widespread avail- 
ability and low cost. On US evaluation, the 
corpora cavernosa and corpus spongiosum appear 
as a tubular structure of a homogenous echotexture 
(Fig. ). The surrounding tunica albuginea and 
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Fig. 4.21 
position. Corpora cavernosa (curved arrow) and a corpus 
spongiosum (arrow) appear as tubular structures of 
homogenous echogenicity 


US performed with the penis in the anatomic 


Buck’s fascia could not be clearly defined on US 
evaluation. MR imaging is the most accurate 
imaging modality in the assessment of the penile 
anatomy. For appropriate patient positioning, a 
towel is placed between the patient’s legs to ele- 
vate the scrotum and penis with the patient in 
supine position. The penis is then dorsiflexed 
against the lower abdomen along the midline and 
taped in position to reduce the motion of the penis 
during the examination. The corpora cavernosa 
and corpus spongiosum show intermediate signal 
intensity on Tl-weighted MR imaging and high 
signal intensity on T2-weighted imaging. Both 
the tunica albuginea and the Buck’s fascia are 
hypointense on T1- and T2-weighted imaging and 
could not be separated from each other (Fig. ). 
The outermost Colles fascia is also hypointense 
on Tl- and T2-weighted imaging. T2-weighted 
imaging is the preferred imaging sequence for 
depicting the penile anatomy due to its superior 
tissue contrast between the corpora and overlying 
fascia. CT is unable to depict the penile anatomy 
due to its poor tissue contrast. The role of CT is 
limited to the evaluation of pelvic lymph nodes 
that are inaccessible by clinical methods. 


4.2.2 Penile Cancer 
Penile cancer is an uncommon neoplasm in the 


developed countries with an incidence of 0.4% 
of all male malignancies [39], but it accounts for 
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EN 
Fig. 4.22 MRI performed with the penis in the anatomic 
position. The corpora cavernosa (curved arrow) and cor- 
pus spongiosum (arrow) show intermediate signal inten- 
sity on T1-weighted imaging (a) and high signal intensity 
on T2-weighted imaging (b). Both the tunica albuginea 


and Buck’s fascia are hypointense on T1- and T2-weighted 
imaging and could not be separated from each other 


10-20 % of all male malignancies in some areas 
such as Africa and South America [40]. The most 
frequent penile neoplasm is squamous cell 
carcinoma accounting for 95% of penile neo- 
plasms [40]. Penile neoplasms other than squa- 
mous cell carcinoma are very rare. These include 
primary nonsquamous malignancies like sar- 
coma, melanoma, basal-cell carcinoma, and lym- 
phoma and secondary penile cancer like 
metastasis. Clinically, penile cancer presents as 
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erythema, induration, bleeding, or enlarging 
ulcer. The most common site of penile cancer 
involvement is the penile glans (48 %), followed 
by the prepuce (21 %), coronal sulcus (6%), and 
penile shaft [41, 42]. 


4.2.2.1 Staging of Penile Cancer 

The lymphatic spread is the major pathway of the 
metastasis of the penile cancer. The skin of the 
penis and prepuce drains into the superficial 
inguinal lymph nodes, the glans penis drains in 
the deep inguinal lymph node, and the corpora 
drain into the internal iliac lymph nodes 
(Fig. 4.23). Two staging systems are used to deter- 
mine the optimal therapeutic approach in men 
with penile cancer: the Jackson classification sys- 
tem (Table 4.3) and the TNM classification sys- 
tem (Table 4.4). The presence and extent of nodal 
metastasis is the most significant predictor of sur- 
vival in men with penile cancer and is related to 
the stage of primary lesion. The incidence of 
lymph node metastases increases from 20 % of T1 
tumors to 47—66 % of T2—T4 penile cancers [43]. 
Other factors that influence the lymphatic spread 
of penile cancer are the histologic grade, the verti- 
cal growth of the tumor, and the presence of vas- 
cular or lymphatic invasion [44]. 


4.2.2.2 Treatment 

Treatment of penile cancer varies depending on 
the site and extent of the primary penile mass. 
Ablation, excision, partial penectomy, or total 
penectomy can be given for the treatment of pri- 
mary penile cancer, according to the clinical stage. 
Controversy regarding inguinal lymphadenectomy 
exists and practices vary considerably [45]. Some 
surgeons favor reevaluation of palpable inguinal 
lymph nodes after 4—6 weeks of antibiotic treat- 
ment and perform inguinal lymphadenectomy for 
the continued presence of lymph nodes in the 
inguinal lesion. This approach is based on the the- 
oretical backgrounds that reactive lymphadenopa- 
thy will resolve following antibiotic treatment, 
whereas metastatic lymphadenopathy will persist 
[38]. Others favor prophylactic inguinal lymphad- 
enectomy at the time of the penile surgery, and 
prophylactic inguinal lymphadenectomy has been 
shown to improve long-term survival rates [46, 
47]. However, inguinal lymphadenectomy is 
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Fig. 4.23 Penile cancer with lymph node metastasis in a 
52-year-old man. Contrast-enhanced sagittal CT scan (a) 
shows infiltrative mass in the penile shaft (arrow). On the 
coronal reformatted image (b), metastatic lymph nodes 


Table 4.3 Jackson classification of penile cancer 


Stage | Involvement 


1 Confined to the glans penis 

2 Invasion of the shaft or corpora 

3 Operable inguinal lymph node metastasis 
4 Invasion of adjacent structures, inoperable 


inguinal lymph node metastasis 
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(arrow) are noted in both inguinal areas. US-guided 
biopsy (c) of the metastatic lymph node revealed squa- 
mous cell carcinoma 


associated with a high incidence of major morbid- 
ity like severe lymphedema and skin flap necrosis. 
Bevan-Thomas et al. reported minor morbidity of 
68 % and major morbidity of 32 % associated with 
inguinal lymphadenectomy [48]. Therefore, an 
effort should be made to identify the patients who 
will benefit from the inguinal lymphadenectomy. 
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4.2.2.3 Role of Imaging 

Traditionally, the evaluation of the penile cancer is 
performed clinically by palpation of the penile 
tumor and the inguinal lymph nodes. However, the 


Table 4.4 TNM classification of penile cancer 


Stage | Description 
Tumor (T) 


Tx | Primary tumor cannot be assessed 


TO | No evidence of primary tumor 


Tis Carcinoma in situ 


T1 |Invasion of subepithelial connective tissue 


T2 | Invasion of one or more corpora 


T3 | Invasion of urethra or prostate gland 


T4 | Invasion of other adjacent structures 
Lymph node (N) 


Nx Regional lymph node cannot be assessed 


NO | No regional lymph node metastasis 


N1 | Metastasis in a single superficial inguinal 
lymph node 

N2 | Metastases in multiple or bilateral superficial 
inguinal lymph nodes 


N3 | Unilateral or bilateral metastases in deep 
inguinal or pelvic lymph nodes 


Metastasis (M) 
Mx 
MO 
M1 | Distant metastasis 


Distant metastasis cannot be assessed 


No evidence of distant metastasis 


Fig. 4.24 Penile cancer 
T2-weighted sagittal image (a) shows infiltrative mass of 
low signal intensity (arrow) of the penile glans. The mass 


in a 67-year-old man. 
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clinical approach is often inaccurate in the assess- 
ment of local invasion of the penile cancer and its 
inguinal node metastases [49, 50]. Ultrasound is a 
useful imaging modality in the assessment of local 
invasion of penile cancer. On ultrasound, interrup- 
tion of the thin echogenic line surrounding corpora 
suggests infiltration of the tunica albuginea by 
penile cancer. MRI can be also used to stage penile 
cancers. T2-weighted imaging and contrast- 
enhanced T1-weighted imaging are the most com- 
monly used imaging sequences in defining the local 
extent of a penile neoplasm. Squamous cell carcino- 
mas appear as ill-defined infiltrating tumors of low 
intensity on both T2-weighted imaging and con- 
trast-enhanced Tl-weighted imaging (Fig. ) 
[38]. Although MR imaging can be useful in the 
detection of pelvic or retroperitoneal lymph node 
metastasis, the capacity of MR imaging to detect 
lymph node metastases is limited because the diag- 
nosis is based on lymph node size. MR imaging 
cannot detect microscopic metastases in normal- 
sized lymph nodes and is unable to distinguish 
inflammatory lymphadenopathy from metastatic 
lymphadenopathy. CT plays a limited role in the 
evaluation of the extent of the primary tumor, but it 
is useful in the evaluation of lymph node or distant 
metastasis. However, same limitation is present in 
the evaluation of metastatic lymph nodes. 


appears as less enhancing infiltrative lesion (arrow) on the 
contrast-enhanced T1-weighted imaging (b) 
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4.2.3 Pathologic Consideration 
of Penile Tumors 


4.2.3.1 Squamous Cell Carcinoma 

Squamous cell carcinoma of the penis is often 
large tumor with white granular surface 
(Fig. 4.25a, b). Growth pattern of penile squa- 
mous cell carcinoma can be classified as three 


Fig. 4.25 (a) Gross photograph of squamous cell carci- 
noma of penis shows ulcerative whitish lesion. (b) Cut 


surface shows whitish mass with infiltration. (c) 
Microscopically well-differentiated squamous cell carci- 
noma is found 
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patterns: superficial spreading, vertical growth, 
and multicentric. Microscopically penile 
squamous cell carcinoma mainly shows well or 
moderate differentiation frequently having kerati- 
nization (Fig. 4.25c). Some variants of squamous 
cell carcinoma such as basaloid carcinoma, warty 
carcinoma, verrucous carcinoma, or pseudohy- 
perplastic carcinoma are present [14, 51]. 


4.2.3.2 Other Carcinomas 

Small cell carcinoma, Merkel cell carcinoma, 
and clear cell carcinoma are rarely reported in the 
penis [14]. 


4.2.3.3 Other Tumors 

Mesenchymal tumors of the penis are very rare. 
Kaposi sarcomas and leiomyosarcomas are the 
most common sarcomas in the penis [52]. 


4.2.4 Therapeutic Consideration 
of Penile Cancer 


Penile cancer is extremely uncommon tumor 
which accounts for 0.4—0.6 % of all male malig- 
nancy in the United States [53]. Previous reports 
have been implied that not only the pathological 
features of primary tumor but also the nodal sta- 
tus is important for determining their prognosis 
and further treatment planning of penile cancer 
[46, 54]. The development of imaging staging 
and accumulation of knowledge regarding nodal 
spreading behavior have enabled modification of 
surgical strategy to lessen potential morbidities. 
The selection of patients who are suitable for 
organ-preserving surgery also became possible. 


4.2.4.1 Surgical Management 

Despite accumulating knowledge, the surgery 
remains as a primary treatment. Only the early 
sufficient surgical resection with close follow-up 
can ensure the best chance for cure. It is also well 
known that effective control of nodal disease is 
critical for survival outcomes. 


Circumcision 
The preventive role of neonatal routine circumci- 
sion in penile cancer is still a controversy. 
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Although circumcision can improve the personal 
hygiene status and therefore enable the avoidance 
of risk factors such as HPV infections, however 
this may be less effective in countries with good 
hygiene status. Frisch et al. reported decreased 
incidence of penile cancer in an uncircumcised 
Danish population from 1940s to 1990s and 
concluded that this is due to the dissemination of 
in-house bath [55]. Although circumcision can 
lessen the phimosis-related infections, other 
modifiable behaviors such as condom use, avoid- 
ance of ultraviolet exposure, smoking, and 
improvement of general hygiene status also 
should be considered for prevention of malignant 
transformation. Moreover, HPV vaccination is 
expected to play an important role in penile can- 
cer prevention. However, the efficacy is not yet 
confirmed [56, 57]. 


Laser Therapy 

Laser therapy has been proposed as a conserva- 
tive treatment modality in penile squamous cell 
carcinoma. Laser has the advantage of sharp 
ablation of primary tumor with preservation of 
surrounding tissues. The carbon dioxide (CO3), 
potassium titanyl phosphate (KTP), and 
neodymium-doped yttrium aluminum garnet 
(Nd:YAG) lasers are commonly used for this 
purpose. Because the CO, has an extremely 
narrow penetration depth (0.01 mm), it has 
been often used for treatment of precancerous 
lesion or carcinoma in situ (CIS) [58-60]. 
However, local recurrence rate is reported up to 
30 % [60]. 

In international recommendations, the laser 
treatment can be considered in Tis, Ta, and T1 
low grade (<2) as a treatment option for penile 
squamous cell carcinoma [61, 62]. In that 
procedure, it is recommended to secure safety 
margins of 3-5 mm from the lesions. 
Approximately 20 min before that procedure, the 
skin is prepared with 5% acetic acid, because 
HPV-induced area is whitened by the acetic acid 
[59]. After that the laser ablation can be per- 
formed completely. Disadvantages of laser ther- 
apy lie in difficulty in determining the proper 
depth and latency of healing in obese or immuno- 
compromised patients [59]. 
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Mohs Micrographic Surgery 

Mohs micrographic surgery enables excision of 
penile cancer tissue in thin layers [63]. This was 
originally devised as a fixed tissue technique; 
however, the application has been extended to the 
fresh tissues for the treatment of smaller lesions 
[64, 65]. Mohs micrographic surgery is ideally 
suitable for Tis or small Ta lesions, and their 
treatment outcomes are comparable to that of 
partial penectomy. However, the outcome may be 
dependent on technical skills and experience of 
surgeon [65, 66]. 

Prior to the surgical procedure, color coding 
with tissue dyes should be performed. That 
enables the accurate orientation and tissue map- 
ping during the surgery. Under surface of 
removed tissue is horizontally cut for intraopera- 
tive frozen biopsy. Lateral margins are also cut 
vertically. In frozen examination, whole deep and 
lateral margins are thoughtfully evaluated. If the 
presence of tumor is identified, further resection 
is performed until the whole tumor is removed. 
Mohs et al. reported that the long-term local con- 
trol rate is 94 % [66]. 


Partial Penectomy 

Penile amputation remains the oncologic gold 
standard for definitive treatment for primary 
tumor. Local recurrence rates after partial or total 
penectomy are reported as 0-8% [67-69]. 
Among them, partial penectomy is the most fre- 
quently performed surgery for the treatment of 
penile squamous cell carcinoma. General indica- 
tion for partial penectomy is T1 with high grade 
(>3) and >T2 [61, 62]. This procedure has two 
major goals. One is a successful local control to 
ensure >2 cm safety margin from primary lesion. 
The other is preservation of the penis to enable to 
void in standing and to perform intercourse. 

The patient is placed in a supine position 
under general or spinal anesthesia. To prevent the 
spillage, the lesion is initially draped out from the 
fields using sterile towel or surgical glove. For 
the same purpose, tourniquet clamping of penile 
roots is also recommendable (Fig. 4.26). 
Proposed line for incision is drawn on the skin. 
Along this line, the skin and dartos fascia are 
incised circumferentially. Buck’s fascia is 
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Fig. 4.26 Surgical specimen (a) and postoperative wound (b) after radical penectomy with scrotectomy 


transected laterally, and neurovascular bundle at 
laterodorsal side of penis was dissected from 
tunica albuginea. Penile dorsal vein is also iso- 
lated. Dissected vessels are ligated and divided. 

Resection points are marked; >2 cm safety 
margin from tumor should be ensured at that 
time. The urethra is resected 1-1.5 cm longer 
than the remained corpus cavernosum. Corpus 
spongiosum including urethra is also dissected 
from the bilateral corpus cavernosum. Dissected 
urethra and corpus cavernosum are transected at 
marked point separately (Fig. 4.26). 

The remained and opened stumps of corpus 
cavernosum are closed with 2-0 nonabsorbable 
interrupt sutures. Using the redundant urethral 
mucosa, urethrostomy is matured using 4-0 
absorbable suture. The penile skin is repaired at 
the midline from the dorsal side of penis with 3-0 
or 4-0 absorbable interrupt sutures. Foley urethral 
catheter is place for 3-5 days postoperatively. 


Total Penectomy 
Total penectomy is a procedure that amputates the 
total penis at the level of the suspensory ligament. 


Recommended indications for total penectomy 
are similar to that of partial penectomy (T1 with 
high grade (>3) and >T2) [61]. The choice of two 
surgical procedures is mainly determined by the 
tumor location and size. If the size or location of 
tumor does not allow the sufficient remained 
penile urethral length for voiding on standing, 
total penectomy can be considered. 

The resection procedures of tumor with suffi- 
cient resection margin are similar to those of par- 
tial penetomy. Only different point is that the 
resection is made more proximally at the level of 
suspension ligament. At total penectomy, open- 
ing of urethrostomy is formed at perineal area to 
facilitate the voiding in sitting position. 


Radical Penectomy 

Patients who should consider radical penectomy 
are extremely rare. We experienced one case of 
radical penectomy with scrotectomy (Fig. 4.27). 
Generally, the patient is placed in a lithotomy 
position under general or spinal anesthesia. 
Initially, perineal incision is made for radical 
penectomy. The corpus cavernosum is mobilized 
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Fig. 4.27 Transection of dissected corpus spongiosum 
(CS) and corpus cavernosum (CC) 


from the ishiopubic rami. Thereafter corpus is 
ligated and divided, and dorsal vein may be seen 
coursing under the pubis at that point. A perineal 
incision is made, and the mobilized penis is 
delivered via this wound. Dissection of the cor- 
pus cavernosum continues to the crura (proximal 
end). After the penis is completely excised, dor- 
sal vein is ligated using 1-0 or 2-0 suture ligature 
and divided. Using the remained proximal ure- 
thra, urethrostomy is matured at perineum. 


Inguinal Lymph Node Dissection 
Conventionally, bilateral inguinal lymph node dis- 
section (ILND) is recommended, because the cure 
rate with ILND when nodes are positive for malig- 
nancy is as high as 80%. This feature of penile 
cancer contrasts with other genitourinary malig- 
nancies such as bladder, prostate, or kidney can- 
cers which are generally surgically incurable when 
nodal metastasis is present. However, the reluc- 
tance of routine application of the bilateral I LND 
is originated from the relatively high rates of the 
procedure-related morbidities. (Complications 
such as pulmonary embolism, wound infection, 
severe lymphedema of lower extremity, or scrotum 
have been reported as ILND-related morbidities 
[48, 70]. Generally, the false-negative (malignancy 
positive) rate of routine administration of ILND in 
clinically negative nodal disease is known to be 
approximately 30% [71]. That means 70% of 
patients are at risk of major morbidity after the 
routine ILND with no survival benefit. 


193 


Decision of ILND is made mainly based on 
the palpation of inguinal area and the pathologic 
stage of the primary lesion [61, 62]. Patients with 
non-palpable inguinal lymph node with low risk 
(Tis, Ta, Tla) of primary penile lesion are not 
generally recommended to undergo surveillance 
or dynamic sentinel node biopsy (DSNB) [61], 
62]. DSNB is the procedure to define the location 
of sentinel nodes using the vital blue dyes or 
gamma-ray emission-detecting techniques in the 
surgical fields. However, even though inguinal 
nodes are non-palpable, ILND or DSNB is rec- 
ommended in patients with intermediate- (T1b) 
or high-risk (any T2 or G3—4) tumors [61, 62]. 

When nodes are palpable, clinical decisions 
for ILND are based on the laterality and size of 
the nodes. If the palpable node is unilateral or 
bilateral with smaller than 4 cm, ILND is gener- 
ally recommended. In this situation, lymph node 
biopsy also can be considered prior to ILND in 
patients with primary low-risk penile lesions 
[61]. However, if the size of the palpable node is 
larger than 4 cm, the decision for further treat- 
ment can be more complicated according to their 
number, location, and movability of the nodes. If 
the large palpable node is unilateral and movable, 
ILND alone or neoadjuvant chemotherapy fol- 
lowed by ILND should be considered. If the posi- 
tive nodes of ILND are two or more, pelvic lymph 
node dissection (PLND) should be followed. 
Patients with multiple and/or bilateral large nodes 
are needed to consider the neoadjuvant chemo- 
therapy followed with ILND and PLND as the 
further treatment regardless of their movability. 
In cases of positive pelvic nodes, the possibility 
of resectability is important for clinical decision. 
If the nodes are potentially resectable, neoadju- 
vant chemotherapy with consolidation surgery 
can be the option. However, if the patient is a 
nonsurgical candidate, radiotherapy with concur- 
rent chemotherapy should be considered [61, 62]. 


Modified Inguinal Lymph Node Dissection 

The therapeutic benefit of modified ILND is 
known to be similar to that of standard ILND 
with lower morbidity [72]. This procedure can be 
considered in patients with clinically non- 
palpable nodes but with intermediate- (T1b) or 
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high-risk (any T2 or G3—4) primary tumors [73]. 
The extent of modified ILND is confined to 
medial to the femoral artery and cephalad to the 
fossa ovalis (Fig. 4.11). This procedure has the 
advantage of smaller skin incision, saphenous 
vein preservation, and lower risk for the injury of 
sartorius muscle. 

For this procedure, patient is placed on a frog- 
legged position under general or spinal anesthe- 
sia. Approximately 10 cm length of incision is 
made below 1 fingerbreadth under the inguinal 
ligament. Undermining beneath the skin was 
made sufficiently 6-8 cm superiorly and inferi- 
orly from the initial incision. Fatty tissue includ- 
ing nodes located within the aforementioned 
boundaries is cautiously dissected and ligated. 
The upper and medial borders of dissection are 
determined by the fascia of the external oblique 
muscle and the adductor longus muscle. As pre- 
viously described, the saphenous vein is pre- 
served during the procedure, which is expected to 
be helpful for the prevention of lymphedema of 
lower extremities. After the dissection is com- 
pleted, closed vacuum drain is placed and the 
incision is closed. Postoperative compression of 
wound may be helpful to prevent the formation of 
the dead space. 


Standard Inguinal Lymph Node Dissection 

The standard ILND is generally indicated when 
the extent of metastasis is limited to the inguinal 
nodes, and those are expected to be surgically 
resectable [61, 62]. This procedure is commonly 
performed at 4—6 weeks after the surgery of the 
primary tumor. The boundary of dissection is 
wider than that of the modified ILND. Nodes 
located at lateral to the femoral artery and caudal 
to the fossa ovalis are also dissected in the stan- 
dard ILND. Because the saphenous vein is sacri- 
ficed during the procedure, the risk for 
lymphedema is higher than that of the modified 
ILND. Position for this procedure is similar with 
modified ILND. Approximately 10 cm length of 
incision is made below 1 fingerbreadth under the 
inguinal ligament. Undermining beneath the skin 
was made sufficiently 6 cm superiorly and 15 cm 
inferiorly from the initial incision. The lateral 
and lower borders of dissection are wider than 


M.H. Moon et al. 


those of modified ILND which are reaching the 
anterior superior iliac spine (ASIS) and approxi- 
mately 20 cm below the ASIS. 


4.2.4.2 Radiation Therapy 

In penile cancer, primary radiation therapy can be 
considered as curative treatment option in T1 and 
T2 (penile preservation protocol) [61, 62]. 
Primary radiation therapy has their advantage to 
permit relative preservation of penile function. If 
local control can be archived, salvage surgery 
still can be considered as curative modality. 
Therefore aforementioned subset of patient with 
early stage penile cancer can consider the radia- 
tion therapy as a reasonable initial treatment 
strategy. Both external beam radiation therapy 
(EBRT) and brachytherapy can be utilized for 
treatment of penile cancer. The circumcision is 
necessary before the commencement of radiation 
therapy. The purpose of the circumcision is to 
expose the lesion properly, to prevent the skin 
infection, and to prevent the skin edema. 
Radiotherapy with concurrent chemotherapy can 
also be considered in advanced cases (>T3, non- 
resectable N3, or M1; surgically unresectable 
protocol). 

In the penile preservation protocol, recom- 
mended regimen is different by the primary tumor 
size. If the tumor is <4 cm, brachytherapy alone or 
EBRT with or without chemotherapy using total 
dose of 65-70 Gy covering penile lesion with 
2 cm margins is recommended [61]. If the tumor 
is >4 cm, EBRT with chemotherapy is preferred. 
Recommended regimen is the 45—50.4 Gy to the 
whole penile shaft and boost primary lesion with 
2 cm margins (total dose, 60-70 Gy) [61]. In the 
surgically unresectable protocol, recommended 
regimen is EBRT with chemotherapy with the 
45-50.4 Gy covering the whole penile shaft, pel- 
vic lymph nodes, and bilateral inguinal lymph 
nodes and boost primary lesion with 2 cm mar- 
gins (total dose, 60-70 Gy) [61]. 


4.2.4.3 Chemotherapy 

In penile cancer, the role of chemotherapy is very 
limited [61]. In case of multiple or bilateral posi- 
tive inguinal lymph nodes (N2) or potentially 
resectable positive pelvic lymph node (N3), neo- 
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adjuvant chemotherapy can be considered prior 
to ILND and PLND as previously described in 
the ILND session [61, 62]. In nonsurgical candi- 
date of N3 and metastatic penile cancer (M1), 
systemic chemotherapy alone or radiotherapy 
with concurrent chemotherapy should be consid- 
ered [61]. In those cases, recommended regimen 
is four cycles of TIP (paclitaxel, ifosfamide, and 
cisplatin). However, the effectiveness is not con- 
firmed by the randomized controlled trial. 
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5.1 Introduction 

The adrenal glands are routinely scanned on 
every computed tomography (CT) scan or 
magnetic resonance imaging (MRI) of the 
abdomen and the chest. Incidental adrenal masses 
are increasingly being detected because of 
increasing number of imaging studies that are 
routinely performed; these lesions are encoun- 
tered in approximately 5% of imaged patients 
with no known adrenal disease [1]. Although the 
adrenal gland is involved by various diseases, 
almost all adrenal lesions detected are benign in 
patients without a history of malignancy. 
Therefore, diagnostic approach to adrenal lesions 
in these patients should not be as aggressive as 
those in oncologic patients. 
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In contrast, the possibility that adrenal masses 
are metastatic lesions is higher in patients with a 
known extra-adrenal malignancy. For the last 
decade, adrenal CT protocols had been 
introduced and currently help to differentiate 
adenoma and non-adenoma in patients with a 
history of malignancy. Adrenal metastasis char- 
acterization in oncologic patients is critical to 
stage and manage the primary disease. Adrenal 
mass biopsy is the confirmative examination for 
diagnosing a metastasis, but this invasive proce- 
dure should be limited to oncologic patients with 
adrenal metastasis in whom the cancer treatment 
or prognosis will be altered by means of the 
biopsy. 

Most of functioning adrenal masses are 
already identified by clinician before CT or MRI 
is performed. The main role of radiologic studies 
is to detect or localize an adrenal mass for surgi- 
cal excision. Hence, our description will focus on 
how to differentiate adenoma and non-adenoma 
and on imaging features of various non-adenomas 
as well. 
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5.2 Anatomy 

The adrenal glands are paired endocrine organs 
which are located at anterosuperior and medial to 
the upper pole of each kidney. Adrenal glands his- 
tologically consist of cortex and medulla. The cor- 
tex is made up of three layers in which different 
corticosteroids are produced. The outer layer is 
zona glomerulosa producing mineralocorticoids. 
The middle layer is zona fasiculata producing glu- 
cocorticoids. The inner layer is zona reticularis 
producing sex steroids or gonadocorticoids. 

The medulla is composed of chromaffin cells 
producing catecholamines including epinephrine 
and norepinephrine. Chromaffin cells are 
arranged in nest or sheet and typically concen- 
trated in the body. 

Adrenal gland is supplied by the superior, 
middle, and inferior suprarenal arteries. These 
arteries can originate from the inferior phrenic 
arteries, abdominal aorta, and renal arteries, 
respectively. Each adrenal vein is single in con- 
trast to multiple adrenal arteries. Right adrenal 
vein directly drains into the inferior vena cava, 
and left adrenal vein drains into the left renal vein 
or inferior phrenic vein. 


5.3 Detection 

Most of adrenal masses are incidentally detected. 
Only a small number of adrenal tumors are func- 
tional, and an even smaller number are malignant 
[2]. Most incidentally discovered adrenal tumors 
are nonfunctional and benign, with fewer than 10 % 
having detectable endocrine functionality and fewer 
than 5% being malignant [3]. Some functional 
adrenal lesions may not require imaging for initial 
clinical recognition, but imaging almost always 
plays an important role for determining surgical 
plan because it can show well the location, size, 
number, invasion, and metastasis of adrenal tumors. 


5.3.1 Conn Syndrome 


Aldosterone-secreting adrenal cortical adenoma 
(aldosteronoma) accounts for up to 2% of all 
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unanticipated adrenal masses [2]. Conn 
syndrome, or primary aldosteronism due to an 
adrenal cortical adenoma, has classically been 
characterized clinically by hypertension and 
hypokalemia. However, it has become increas- 
ingly recognized that most patients with primary 
aldosteronism do not have hypokalemia [4]. The 
more common causes of primary aldosteronism 
include bilateral idiopathic adrenal cortical 
hyperplasia (~60 % of cases) and an aldosterone- 
secreting adenoma (~35%). Unilateral adrenal 
hyperplasia and other rarer causes account for the 
remainder of cases [4]. Plasma aldosterone-to- 
renin ratio is the diagnostic test of choice. 


5.3.2 Cushing Syndrome 


Cortisol is produced by between 2 and 15% of 
adenomas [2]. Hypercortisolism can result in 
Cushing syndrome, which is clinically mani- 
fested with weight gain and fat deposition, hyper- 
tension, easy bruisability, amenorrhea, hirsutism, 
acne, muscle weakness, diabetes, and mood 
changes. Non-iatrogenic hypercortisolism results 
from pituitary dependence (Cushing disease) 
approximately 60-70% of cases in adults, and 
the remaining cases are pituitary independent [5]. 
Pituitary-independent causes include ectopic 
adrenocorticotropic hormone (ACTH) produc- 
tion, rarely ectopic corticotropic-releasing factor 
secretion, primary pigmented nodular adrenocor- 
tical disease, and macronodular hyperplasia with 
marked adrenal enlargement. Cushing syndrome 
caused by an adrenal adenoma is one of ACTH- 
independent hypercortisolisms. Cortisol- 
producing adenomas are often >2 cm in size and 
easily detected with CT or MR imaging [6]. 


5.3.3 Catecholamines 


Reportedly, the frequency of pheochromocytoma 
among adrenal masses is variable with prevalence 
likely being near 3—6 % [7]. Pheochromocytoma 
is increasingly detected due to the widespread 
use of CT and magnetic resonance (MR) imaging 
before the patient presumably becomes 
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symptomatic. Increasing numbers of unantici- 
pated pheochromocytomas are detected at CT or 
MR imaging that is performed for unrelated 
symptoms [8]. Clinically, pheochromocytomas 
may lead to a classic triad of palpitation, sweat- 
ing, and hypertension due to excretion of cate- 
cholamine. The diagnosis is usually established 
with increased level of catecholamines in the 
24-h urine. 


5.4 Characterization 


5.4.1 Benign Adrenal Tumors 
and Tumorlike Conditions 


5.4.1.1 Cortical Adenoma 

Adenoma is the most common tumor in the adre- 
nal gland. The estimated prevalence ranges from 
1.4 to 8.9% based on autopsy series, and it 
increases with age [9]. 

Histologically, adenoma is typically a well- 
circumscribed encapsulated solid mass arising 
from the adrenal cortex. The cut surface of the 
specimen is yellow due to abundant neutral lipid 
content. At microscopic examination, tumor cells 
have abundant pale-staining lipid-rich cytoplasm, 
which is often arranged in short cords or nests. A 
relatively rich and delicate vascular supply is 
present. These findings of lipid-rich cells and an 
abundant vascular network is related with CT or 
MR imaging features. 

Ultrasonography is not the first-line imaging 
modality to characterize an adrenal mass because 
most of adrenal adenomas are less than 3 cm. 
This imaging technique can guide a biopsy of a 
large adrenal mass which usually is inoperable. 
At ultrasonography, an adenoma appears as a 
round or oval mass that is well demarcated, 
slightly heterogeneous, and hypoechoic [10]. 

At CT, a small adenoma (<3 cm) is usually a 
well-demarcated mass with homogeneous atten- 
uation. The CT attenuation values of adenomas 
depend predominantly on the amount of intracy- 
toplasmic lipid. Studies have shown that using a 
cutoff value of 10 HU or less at unenhanced CT 
has high sensitivity (71%) and specificity (98 %) 
for adenoma, which is so-called lipid-rich 
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Fig. 5.1 Lipid-rich adenoma in a 69-year-old man. 
Unenhanced CT image shows a left adrenal mass (arrow) 
which is measured 1 HU, consistent with a lipid-rich 
adenoma 


adenoma (Fig. 5.1) [11]. Therefore, the majority 
of adenomas has enough lipid content to be accu- 
rately characterized; the remaining about 30 % of 
adenomas, so-called “lipid-poor” adenoma, will 
have higher attenuation values (>10 HU) at unen- 
hanced CT so that chemical shift MRI or washout 
CT is required to differentiate adenoma and 
non-adenoma. 

Subsequent studies have shown that percent- 
age loss of iodine contrast material is useful char- 
acterizing a lipid-poor adenoma at early and 
delayed contrast-enhanced CT examinations 
(Fig. 5.2). This concept is based on that adenoma 
shows early wash-in and washout of contrast 
material. This is why adenoma is histologically 
hypervascular and why adenoma does not retain 
contrast material for delayed time periods, as 
opposed to most of non-adenoma. Washout val- 
ues can be calculated using a few different meth- 
ods, with most institutes adopting non-contrast 
images, early contrast-enhanced images (usually 
1 min after contrast material injection), and 
delayed contrast-enhanced images (at 15 min). 
Absolute percentage washout (APW) and relative 
percentage washout (RPW) are calculated using 
the attenuation values that are measured to place 
a region of interest (ROD) on the lesion at the dif- 
ferent phases of contrast enhancement. 

Generally, formulas for calculating APW or 
RPWareas follows: APW =[early contrast-enhanced 
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Fig.5.2 Lipid-poor adenoma in a 57-year-old woman. (a) 
The signal intensity of a right adrenal mass (arrow) does 
not show any difference between in-phase (left-side) and 
opposed-phase (right-side) MR images. Adrenal-to-spleen 
ratio is 1.2 and signal intensity index is 4.2 %. Accordingly, 
MR diagnosis of the lesion is non-adenoma. (b) The right 


adrenal mass (arrow) is measured 35 HU, 129 HU, and 62 
HU on unenhanced (right-side image), early enhanced 
(middle), and delayed (left-side image) enhanced CT 
images, respectively. Absolute and relative washout values 
are calculated 71 % and 52%, respectively. Accordingly, 
CT diagnosis of the lesion is adenoma 
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Fig. 5.3 Lipid-rich 
adenoma in a 62-year-old 
man. A right adrenal mass 
(arrow) is hyperintense on 
in-phase MR image 
(left-side image), while 
the lesion shows signal 
void on opposed-phase 
MR image (right-side 
image) 


CT (HU) —delayed contrast-enhanced CT (HU)] x 
100/[early contrast-enhanced CT (HU)-unen- 
hanced CT (HU)]. RPW=[early contrast-enhanced 
CT (HU) —delayed contrast-enhanced CT (HU)] x 
100/[early contrast-enhanced CT (HU)]. APW of 
60% or more or RPW of 40% or more offers 
confident diagnosis of adenoma, with sensitivity 
ranging from 88 to 96% and specificity ranging 
from 96 to 100%. 

Chemical shift MR imaging uses the different 
precession frequencies of protons in both water 
fat within the same voxel and creates in-phase 
and opposed-phase images in which signal from 
the protons is either additive or subtractive from 
one another (Fig. 5.3). This MR technique is 
useful in detecting abundant intracytoplasmic 
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lipid found. Regarding detection of adenoma, 
chemical shift MR imaging is better than unen- 
hanced CT because this MR technique detects 
more adenomas that are measured more than 10 
HU at unenhanced CT. Visual MR assessment 
provides a confident diagnosis of adenoma that 
is measured 10 HU or less at unenhanced CT 
(Fig. 5.3). However, quantitative MR assessment 
should be performed for characterizing adenoma 
that is measured between 10 and 20 HU at unen- 
hanced CT (Fig. 5.4) [12-14]. For quantitative 
analysis, adrenal-to-spleen ratio (ASR) and sig- 
nal intensity index (SII) are frequently used. SII 
is more sensitive for adenoma than ASR 
(Fig. 5.4) [12, 15]. ASR and SH are calculated as 
follows: 


ASR = (SI, of adrenal mass / SI, of spleen) / (SI, of adrenal mass / SI, of spleen) 


SII = (SI, of adrenal mass — SI,, of adrenal mass) x 100/SI,, of adrenal mass 


Slop and Slip indicate signal intensity on opposed- 

phase image and in-phase image, respectively. 
Adenoma can be diagnosed if ASR is less than 

0.71 or if SII is more than 16.5%. However, if 


adenoma is measured more than 20 HU on 
unenhanced CT, the sensitivity begins to be lower 
(Fig. 5.2). Adenoma that is measured more than 
40 HU at unenhanced CT hardly is diagnosed on 
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Fig. 5.4 Lipid-rich adenoma in a 43-year-old man. 
Unenhanced CT image (left-side image) shows a right adrenal 
mass (arrow) which is measured 12 HU. CT diagnosis is not 
consistent with a lipid-rich adenoma. The lesion is slightly 


chemical shift MR imaging [12, 15]. Therefore, 
adrenal masses that is measured more than 20 
HU on unenhanced CT should be evaluated using 
early and delayed contrast-enhanced CT imaging 
rather than chemical shift MR imaging [12]. 

Imaging features of adenoma may overlap with 
those of other benign and malignant lesions, includ- 
ing pheochromocytomas, metastases, and cortical 
carcinomas [16-19]. While small size (<3 cm) of 
adrenal mass can suggest a benign lesion, the size 
criterion is not a reliable finding. Adrenal lesion’s 
lipid or fat which is detected on CT or MR imaging 
is not totally specific for adenoma because adrenal 
hyperplasia, adenoma with a carcinoma or metasta- 
sis focus or metastases from renal cell carcinoma, 
hepatocellular carcinoma, and liposarcoma have 
potential to contain intracytoplasmic lipid or adi- 
pose tissue [16—18, 20]. Furthermore, hypervascu- 
lar pheochromocytomas, adrenal hyperplasia, and 
hypervascular metastasis from renal cell carcinoma 
or hepatocellular carcinoma may meet washout 
criteria of adenoma. 
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hyperintense on in-phase MR image (middle image) and 
slightly hypointense on opposed-phase MR image (right-side 
image). The adrenal-to-spleen ratio is 0.92, but the signal 
intensity index is 24%. MR diagnosis is lipid-rich adenoma 


Adenoma may include cystic degeneration, 
hemorrhage, and calcification, which are fre- 
quent when adenoma grows 3 cm or more 
(Fig. 5.5) [16, 19]. These unusual features make 
it difficult to differentiate adenoma from cortical 
carcinoma. Right adrenal adenoma may arise 
from the adrenohepatic tissue and subsequently 
can manifest as a primary or metastatic hepatic 
tumor (Fig. 5.6) [21]. 


5.4.1.2 Hyperplasia 

The prevalence of adrenal hyperplasia is esti- 
mated to be 0.51% in the autopsy series of 
approximately 3500 subjects [22]. Hyperplasia 
manifests as either a diffuse or focal enlargement 
of adrenal gland. Hyperplasia involves adrenal 
gland multifocally and bilaterally. A series of 113 
consecutive adult necropsies reported that 35 % 
appear normal, 50% mildly nodular, and 15% 
distinctly nodular [23]. The mean age of patients 
with distinctly nodular hyperplasia was 65 years 
while that of normal adrenal group was 50 years. 
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Fig. 5.5 Degenerated adenoma in a 47-year-old woman. 
Contrast-enhanced CT image shows a left adrenal mass 
(arrow) which is measured 3.3 cm. The central area (aster- 
isk) of the lesion is not enhanced, but the medial aspect 
(arrowhead) shows crescent-like marginal enhancement. 
She underwent left adrenalectomy, and histologic diagnosis 
was adenoma with cystic degeneration and hemorrhage 


Fig. 5.6 Adrenohepatic fusion adenoma in a 59-year-old 
woman. Unenhanced CT shows a hypoattenuating hepatic 
mass (arrow) which is measured 0 HU. Right adrenal limb 
(arrowhead) is attached to the medial aspect of the lesion. 
The lesion shows adenoma-like enhancement (early 
wash-in and washout) on early and delayed enhanced CT 
images (not shown). Clinically, the diagnosis is consid- 
ered adenoma arising adrenohepatic fusion 


With age increasing, adrenal gland becomes 
nodular [23]. 

Hyperplasia is histologically composed of 
mainly lipid-rich cortical cells which form 
variable-sized nodules due to overgrowth. 
Hyperplastic nodules appear micronodular or 
macronodular in appearance, depending on 
whether or not the nodules are visible with at 
gross examination. 
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Clinically, hyperplasia often is similar to 
hyperfunctioning adenoma. Actively hormone- 
producing hyperplasia can cause pituitary- or 
ACTH-independent Cushing syndrome or hyper- 
aldosteronism [5]. 

Hyperplasia is detected at CT or MR imaging 
if the hyperplastic nodules are apparently large. 
At unenhanced CT, hyperplasia appears fre- 
quently hypodense nodules which are measured 
10 HU or less because of lipid-rich cells as it 
were adenoma [16] (Fig. 5.7). Less frequently, 
hyperplasia appears isodense compared to adja- 
cent normal adrenal tissue, which tends to be 
atrophic due to decreased ACTH. Accordingly, it 
is not unusual that hyperplasia shows signal 
drops on opposed-phase MR imaging (Fig. 5.7). 
In addition, hyperplastic nodules may show high 
washout which meets criteria for adenoma 
(Fig. 5.7) [16]. For these reasons, hyperplasia is 
not easy to differentiate from multiple adenomas 
clinically, radiologically, and histologically. 


5.4.1.3 Hemorrhage 

Adrenal hemorrhage may result from various con- 
ditions including trauma, burn, sepsis, surgery, 
hypotension, and anticoagulant therapy [5, 24]. 
Trauma is the most common cause to adrenal hem- 
orrhage [24, 25]. Adrenal hemorrhage involves 
unilateral or bilateral adrenal glands. 

Adrenal hemorrhage may occur in adenoma, 
myelolipoma, pheochromocytoma, metastasis, 
and cortical carcinoma, which may be spontane- 
ously ruptured due to excessive bleeding [26]. 

Usually, adrenal hemorrhage is not symptom- 
atic and is mostly an incidental finding at CT or 
MR imaging. Symptom is flank or back pain that 
ranges from mild to severe pain. It depends on 
the degree of hemorrhage. However, adrenal 
insufficiency is rare even if adrenal hemorrhage 
is bilateral [25, 27]. 

On CT images, adrenal hemorrhage appears a 
round or oval mass in which the attenuation value 
depends on the stage of hemorrhage (Fig. 5.8). 
Less commonly, adrenal hemorrhage may manifest 
as extensive suprarenal hematoma that obliterates 
the gland entirely [5, 28]. More recent hemorrhage 
appears relatively hyperdense. Over time, the size 
and attenuation value of adrenal hemorrhage 
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decreases. In most cases, adrenal hemorrhage 
spontaneously disappears. Calcification may 
develop in the late stage of adrenal hemorrhage 
(Fig. 5.9). 

On MR imaging, the signal intensity of adrenal 
hemorrhage also depends on the stage of hemor- 
rhage. Early hemorrhage tends to be isointense on 
Tl-weighted images and hypointense on 


Fig.5.7 Macronodular hyperplasia in a 53-year-old man. 
(a) Unenhanced CT image (right-side image) shows bilat- 
eral adrenal hypodense masses (arrows) which are mea- 
sured less than 10 HU. Early (middle image) and delayed 
(left-side image) enhanced images show adenoma-like 


B.K. Park et al. 


T2-weighted images. Intermediate hemorrhage 
tends to be hyperintense on both Tl- and 
T2-weighted images due to the paramagnetic effects 
of methemoglobin. Finally, adrenal hemorrhage 
shows a T1- and T2-hypointense rim due to forma- 
tion of fibrous capsule and deposition of hemosid- 
erin, resulting in a variable degree of susceptibility 
artifact on gradient-echo images [24, 25, 29]. 


N 


enhancement with APW>60% and RPW>60%. 
(b) Bilateral adrenal masses are hyperintense on in-phase 
MR image and hypointense on opposed-phase MR image 
with ASR<0.71 and SI>16.5%. Histologic diagnosis 
was macronodular hyperplasia after percutaneous biopsy 


5 Adrenal Tumors 


5.4.1.4 Cyst 

Most of adrenal cysts are incidentally detected at 
CT or MR imaging that is performed for unre- 
lated reason. Usually, these lesions are asymp- 
tomatic but infrequently cause discomfort or 


Fig. 5.8 Adrenal hematoma in a 28-year-old man. 
Unenhanced CT image shows a hyperdense right adrenal 
mass which is measured 62 HU. He underwent right 
nephrectomy due to autosomal dominant polycystic kid- 
ney disease (asterisk) 


Fig.5.9 Adrenal 
hematoma in a 29-year- 
old man. Unenhanced CT 
image (right-side image) 
shows subacute hematoma 
(arrow) in the right 
adrenal gland. The lesion 
(22 HU) is more 
hyperdense than stomach 
fluid (asterisk). The 
adrenal hematoma (arrow) 
is decreased and calcified 
(arrowhead) on 2 years 
later CT image (left-side 
image) 
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mild pain because of mass effect to adjacent 
organs. Pathologically, adrenal cysts consist of 
endothelial cyst, epithelial cyst, pseudocyst, and 
parasitic cyst [30]. Almost all adrenal cysts 
appear a unilocular cyst with fine wall and simple 
fluid [31]. However, pseudocysts may have a 
minimally thick cyst wall and complicated fluid 
resulting from internal hemorrhage or fluid-fluid 
level [31, 32]. 

At CT, adrenal cyst usually shows a well- 
demarcated, non-enhancing, hypoattenuating 
lesion with simple water attenuation (<20 HU) 
and a thin wall (Fig. ) [31]. Sometimes, inter- 
nal hemorrhage or calcification can be detected. 
Wall calcification is seen more often in the pseu- 
docysts and parasitic cysts, while septum calcifi- 
cation is present in endothelial cysts [31]. 

At MR imaging, adrenal cysts show a well- 
demarcated, non-enhancing, thin-walled lesion 
which is uniformly hypointense on T1-weighted 
images and hyperintense on T2-weighted images 
similar to those of simple cyst [29]. Hemorrhagic 
fluid within an adrenal cyst may show T1 hyper- 
intense signal [29]. The imaging appearances of 


Fig.5.10 Adrenal cyst in a 35-year-old woman. Contrast- 
enhanced CT image shows a left adrenal cyst (arrow) with 
thin wall and simple fluid. An arrowhead indicates the 
other left adrenal tissue 


an echinococcal adrenal cyst may include a simple 
cyst, a multilocular cyst with septa, daughter 
vesicles, the “water lily” sign, and calcifications 
depending on the stage of infection [31, 33]. 
Detecting extra-adrenal Echinococcus is useful in 
making a confident diagnosis of echinococcal cysts, 
since isolated adrenal involvement is rare [33]. 

Differential diagnoses include benign or 
malignant adrenal masses with cystic degenera- 
tion. Adenoma, hemangioma, pheochromocy- 
toma, cortical carcinoma, and metastasis may 
have varying degrees of a cystic appearance, but 
the wall is much thicker or more irregular than a 
usual adrenal cyst [31, 34]. 


5.4.1.5 Myelolipoma 
Adrenal myelolipoma is a benign tumor histo- 
logically composed of adipose and myeloid tis- 
sues. The prevalence of myelolipoma is estimated 
0.08-0.2 % in autopsy series [35]. Usually, these 
tumors are hormonally inactive and are asymp- 
tomatic. In rare incidence, discomfort or pain 
may occur due to mass effect or internal hemor- 
rhage when myelolipoma grows to a large size. 
At CT, myelolipoma is easily diagnosed because 
gross fat (less than —30 HU) is almost always visi- 
ble (Fig. 5.11). Calcification can be detected in 
approximately 24% [36]. At MR imaging, myelo- 
lipomas show hyperintense foci on T1l-weighted 
images due to gross fat. These T1 hyperintense 
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Fig. 5.11 Myelolipoma in a 67-year-old man. Contrast- 
enhanced CT image shows a left adrenal myelolipoma 
(arrow) in which attenuation value is measured as low as —54 
HU. An arrowhead indicates the other left adrenal tissue 


signals are suppressed on fat-saturated MR images 
[1, 5, 6, 29]. However, internal hemorrhage may 
obliterate adipose tissue so that hemorrhagic 
myelolipoma is not easy to diagnose. 


5.4.1.6 Pheochromocytoma 
Pheochromocytoma is a catecholamine-producing 
tumor arising from chromaffin cells in the adrenal 
medulla. This tumor is closely related to 
extra-adrenal sympathetic and parasympathetic 
paraganglia, so-called as extra-adrenal pheochro- 
mocytoma. Pheochromocytomas typically produce 
and secrete both norepinephrine and epinephrine. 
Norepinephrine is usually the predominant cate- 
cholamine. The prevalence of pheochromocytoma 
is still unknown. 

Widespread use of CT or MRI increases detec- 
tion of asymptomatic pheochromocytoma. 
Therefore, the number of small or asymptomatic 
pheochromocytoma appears greater than that of 
large or symptomatic pheochromocytoma [5]. 
The number of pheochromocytoma with classical 
triad symptoms becomes fewer. Biochemical test 
should be performed to detect subclinical or 
asymptomatic pheochromocytoma or other 
hormone-producing adrenal tumors. 

Pheochromocytomas are a typically firm and 
gray-white tumor that may have areas of central 
degenerative changes including fibrosis, hemor- 
rhage, and cystic change. 
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CT is the first-line modality for detecting, local- 
izing, and characterizing pheochromocytoma. 
These tumors are round or oval masses of similar 
attenuation to the back muscles at unenhanced CT 
[37]. Scattered or punctate calcifications can be 
detected in approximately 10% [17, 38]. The size 
of pheochromocytoma becomes smaller because 
of early detection. These tumors usually are mea- 
sured 3-5 cm in diameter when they are detected 
but can grow to 10 cm or more mostly in symp- 
tomatic cases [5, 17, 26]. Degenerated pheochro- 
mocytoma may show hyperdense texture on 
unenhanced CT due to hemorrhage or poor 
enhancement due to cystic or necrotic change on 
contrast-enhanced CT. When the lesion is small, it 
can show adenoma-like enhancement due to strong 
enhancement on early enhanced CT (Fig. 5.12). 

At MR imaging, the classic sign “light bulb” 
on T2-weighted image is not so frequently 
encountered because it can be seen in case of a 
pheochromocytoma that contains at least more 
than one half of cystic or necrotic change [17, 39]. 
Majority of pheochromocytomas show slightly 
high signal intensity compared to adjacent adre- 
nal tissue on T2-weighted images [5]. Also, 
hyperintense foci due to cystic or necrotic changes 
can be encountered within the tumor on 
T2-weighted images. These masses are homoge- 
neous or heterogeneous depending on internal 
components of calcification, fibrosis, necrosis, 
hemorrhage, and cyst degeneration [39]. 

CT or MR imaging features of pheochromo- 
cytoma are overlapped with adenoma and corti- 
cal carcinoma. Pheochromocytoma is usually so 
hypervascular that this tumor cannot be easily 
differentiated with adenoma regarding washout 
of contrast material [16, 17, 40]. When the size 
of pheochromocytoma is less than 3 cm, this 
tumor is a homogeneous solid mass because of 
rare cystic or necrotic changes. From this point 
of view, small pheochromocytoma may meet the 
criteria for washout of adenoma. When pheo- 
chromocytoma becomes larger, this tumor con- 
tains frequently hemorrhage, calcification, 
cystic or necrotic change, and fibrosis. These 
imaging appearances often overlap with those 
of large adenoma (>3 cm) and cortical carci- 
noma [17, 19, 41, 42]. 
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Fig. 5.12 Pheochromocytoma in a 49-year-old woman. 
(a) Contrast-enhanced CT image shows a left pheochro- 
mocytoma (arrow) with non-enhancing degeneration area 
(asterisk). (b) 1123 MIBG scan shows a hypermetabolic 
mass (arrow) which is well correlated with CT findings 


Pheochromocytoma shows a wide range of 
imaging features, which is so-called an imaging 
chameleon [43]. Radiologists are kept in mind 
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that pheochromocytoma should be included for 
the differential diagnosis of masses with high 
washout lesions or dominant cystic change, 
depending on the clinical and laboratory 
findings. 

No imaging feature can reliably distinguish 
benign and malignant pheochromocytomas 
unless there is evidence of distant metastasis or 
invasion to the surrounding structures [43]. 
Regional lymph nodes are the most frequent met- 
astatic location, followed by the bone, liver, lung, 
and kidney [5]. 


5.4.1.7 Hemangioma 

Hemangioma is a rare adrenal tumor which is 
discovered incidentally on CT or MRI. The 
main histologic types of this tumor are capil- 
lary and cavernous hemangiomas. Cavernous 
hemangioma is more frequent than capillary 
hemangioma. These tumors tend to be highly 
vascular. Unenhanced CT shows these tumors 
are seen well-demarcated hypoattenuating solid 
masses [44]. Phleboliths or calcification is 
characteristic imaging features for diagnosis. 
Hemangioma is hypointense on T1-weighted 
images and hyperintense on T2-weighted 
images. Hemorrhage or necrosis increases sig- 
nal intensity on Tl-weighted image. Contrast- 
enhanced CT or MRI shows peripheral nodular 
enhancement with or without delayed central 
filling. 


5.4.1.8 Lymphangioma 

Lymphangioma is an exceedingly rare adrenal 
tumor which is discovered incidentally. CT 
shows a thin-walled non-enhancing cystic lesion 
with near-water attenuation. Mild enhancement 
can be identified in the cyst wall or thin septa. 
MRI shows the tumor is hypointense on 
Tl-weighted images and hyperintense on 
T2-weighted images [29]. A multilocular cyst 
with thin septa and water-like fluid is most sug- 
gestive of a lymphangioma. 


5.4.1.9 Schwannoma 

Schwannoma is a benign nerve sheath tumor 
which is rarely discovered in the adrenal gland 
[45]. This tumor appears as a heterogeneously 
enhancing hypoattenuating mass at CT 
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Fig. 5.13 Schwannoma in a 36-year-old man. Contrast- 
enhanced CT image shows a left adrenal schwannoma 
(arrow) which is heterogeneously enhanced. An arrow- 
head indicates the residual left adrenal tissue 


(Fig. 5.13). Adrenal schwannoma is isointense on 
Tl-weighted images and hyperintense on 
T2-weighted images compared to muscle. 
However, these MR imaging features are nonspe- 
cific, as lesion signal intensity depends on the 
degree of degenerative change [45]. Accordingly, 
the differential diagnoses include pheochromo- 
cytoma and malignant tumors. 


5.4.1.10 Ganglioneuroma 

Ganglioneuroma is a benign neurogenic tumor 
arising along the sympathetic nerve or adrenal 
gland. This lesion is more frequent in the 
mediastinum or retroperitoneum than in the adre- 
nal medulla. Adrenal ganglioneuroma accounts 
for 20-30 % of all cases [46]. 

Unenhanced CT shows the lesion is so hypoat- 
tenuating that the attenuation value is measured 
<40 HU [47]. Punctate or discrete calcifications 
can be seen. Early enhanced CT shows a 
hypoattenuating mass while delayed enhanced 
CT shows that the lesion is hyperattenuating as 
compared to muscle due to persistent enhance- 
ment (Fig. 5.14a) [48]. Characteristically, the 
lesion grows by wrapping vessels without 
obstruction [49]. MRI shows the lesion is hypoin- 
tense on Tl-weighted images, hyperintense on 
T2-weighted images (Fig. 5.14b), and gradual or 
persistent enhancement on contrast-enhanced 
images. 
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Fig. 5.14 Ganglioneuroma in a 30-year-old man. (a) A left 
ganglioneuroma (arrow) is measured 12 HU, 21 HU, and 34 
HU on unenhanced (right-side), early enhanced (middle), 


5.4.1.11 Adenomatoid Tumor 
Adenomatoid tumor is a rare benign adrenal 
lesion of mesothelial origin. Contrast-enhanced 
CT shows the lesion is well-circumscribed and 
heterogeneously hypoattenuating. Calcification 
may be present. MRI shows lesion signal inten- 
sity is variable on Tl-weighted, T2-weighted, 
and contrast-enhanced images. Differential diag- 
noses include pheochromocytoma and adreno- 
cortical carcinoma [50]. 


and delayed enhanced (left-side) CT images. The lesion 
shows gradual and persistent enhancement. (b) T2-weighted 
MR image shows that the lesion (arrow) is hyperintense 


5.4.1.12 Oncocytoma 

Oncocytoma is a rare adrenal tumor which is his- 
tologically benign but clinically malignant in 
some cases [51, 52]. CT or MRI shows the lesion 
is a well-demarcated mass with heterogeneous 
enhancement [52]. Differential diagnoses include 
adrenocortical carcinoma, lymphoma, or lipid- 
poor myelolipoma. Generally, the lack of vascu- 
lar invasion or lymphadenopathy argues against 
the former diagnoses. 
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5.4.1.13 Adrenal Infection 

Adrenal infection is caused by fungus, bacteria, 
mycobacteria, parasite, and virus. Hydatid involve- 
ment shows the classic appearance of a primary 
cyst with daughter cysts internally. Histoplasmosis 
and paracoccidioidomycosis are the most common 
fungal infections [3]. Less common infections are 
blastomycosis, coccidioidomycosis, and crypto- 
coccosis. Typically, bilateral adrenal enlargement 
is acommon feature [53]. Lung infection can pre- 
cede detection of adrenal involvement. 

Tuberculosis also can affect both adrenal 
glands. CT shows decreased central attenuation 
due to necrosis and calcifications. 

Adrenal abscess formation occurs rarely and is 
usually unilateral. Bacteria such as Escherichia 
coli, group B streptococcus, and Bacteroides 
spread hematogenously and may be associated 
with hemorrhage. So, this infection appears as 
adrenal tumor [7]. Immunocompromised patients 
can have cytomegalovirus (CMV) infection affect- 
ing the adrenals [54]. However, CMV infection is 
difficult to detect because of normal-appearing 
adrenal gland at cross-sectional imaging [55]. 


5.5 Malignant Adrenal Tumors 


5.5.1 Cortical Carcinoma 


Cortical carcinoma is an uncommon malignant 
adrenal tumor [56, 57]. This lesion shows a biphasic 
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two peak incidences in early childhood and middle 
ages [57]. It is sporadic or associated with heredi- 
tary syndromes including Li-Fraumeni syndrome, 
Beckwith-Wiedemann syndrome, Carney com- 
plex, congenital adrenal hyperplasia, and multiple 
endocrine neoplasia (MEN) type 1 [58]. 

Clinically, cortical carcinoma may show 
abdominal pain, back pain, weight loss, or early 
satiety depending on cancer stage. This lesion 
may result in Cushing syndrome, hyperaldoste- 
ronism, or virilization or feminization due to 
overproduction of steroids [56, 57]. 

Usually, cortical carcinoma is detected as a 
large tumor which is superior to the kidney. 
Necrosis, hemorrhage, or calcification is frequent. 
This lesion shows typically unilateral involve- 
ment. Large cortical carcinoma tends to locally 
spread into adjacent organs, regional lymph 
nodes, and the renal vein or IVC [56, 57]. 

At US, a small cortical carcinoma shows 
homogeneous echotexture, while a large cortical 
carcinoma shows heterogeneous echotexture 
due to hemorrhage and necrosis. Both hyper- 
echoic and hypoechoic regions may be present. 
US is good to determine whether or not adjacent 
organs are invaded because of real-time 
imaging. 

Unenhanced CT shows cortical carcinoma is 
measured greater than 10 HU [19]. Contrast- 
enhanced CT show heterogeneous lesion 
enhancement due to necrosis, hemorrhage, or 
calcification (Fig. 5.15a) [19]. Generally, a large 


Fig.5.15 Cortical carcinoma in a 47-year-old woman. (a) 
Contrast-enhanced CT shows a left cortical carcinoma 
(arrow) which is heterogeneously enhanced due to multi- 
focal necrosis. An asterisk indicates a hepatic hemangioma. 


(b) T2-weighted MR image shows the lesion (arrow) con- 
tains multifocal hyperintense foci due to necrosis. An 
asterisk indicates a hepatic hemangioma 
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cortical carcinoma shows lower relative (<40 %) 
and absolute (<60 %) percentage washouts than 
adenoma [19]. However, small cortical carci- 
noma may show high relative percentage wash- 
out (>40%) [19]. Tumor thrombus within the 
renal vein or IVC is not uncommon. Local inva- 
sion, regional and para-aortic lymphadenopathy, 
and distant metastases to the lungs, liver, and 
bones are common initial presentations of large 
cortical carcinoma [59]. 

MRI shows cortical carcinoma is hypointense 
on Tl-weighted images and hyperintense on 
T2-weighted images (Fig. 5.15b). Areas of hem- 
orrhage appear hyperintense foci on T1-weighted 
images [59]. Occasionally, this lesion may con- 
tain small areas that lose signal on out-of-phase 
images [60]. Therefore, this feature alone cannot 
completely exclude the diagnosis of cortical car- 
cinoma. Cortical carcinoma shows a heteroge- 
neous enhancement and slow washout at 
contrast-enhanced MRI. 

A heterogeneously enhancing large adrenal 
mass is one of important features for identifying 
cortical carcinoma. However, the high likelihood 
of cortical carcinoma is only 70 % although adre- 
nal tumor is measured more than 6 cm [59, 61]. 
This is why there is some overlap between large 
adenoma (>3 cm) and cortical carcinoma in 
terms of lesion size [19]. Therefore, CT or MRI 
features can provide more confident differentia- 
tion of adenoma from cortical carcinoma than 
lesion size. 


Fig. 5.16 Adrenal lymphoma in a 52-year-old man. (a) 


Contrast-enhanced CT shows bilateral lymphomas 
(arrow) which are homogeneously enhancing solid 
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5.5.2 Lymphoma 


Primary adrenal lymphoma is extremely rare. 
Almost all cases of adrenal lymphoma are sec- 
ondary [62]. Adrenal lymphoma manifests as 
nodular or diffuse enlargement. The diffuse type 
of adrenal lymphoma reflects uniform organ 
infiltration often leading to adrenal thickening or 
enlargement [62]. The nodular type of adrenal 
lymphoma appears a well-demarcated round 
solid mass [62]. Characteristically, adrenal lym- 
phoma shows homogeneous texture irrespective 
of nodular or diffuse pattern because necrosis, 
hemorrhage, and calcification are uncommon 
unless there has been prior treatment [63]. 
Bilateral adrenal involvement is seen in 
approximately 50% of cases [64]. For nodular 
type of adrenal lymphoma, differential diagnoses 
include adenoma, hyperplasia, and metastasis. 
For diffuse type of adrenal lymphoma, differen- 
tial diagnoses include hyperplasia, hemorrhage, 
and metastasis. 

Sonographically, adrenal lymphoma mani- 
fests homogeneously hypoechoic masses or adre- 
nal enlargement. Sometimes, the lesion appears 
an anechoic mass or enlargement with or without 
posterior sonic enhancement as if it were a cyst 
mass. 

At CT images, adrenal lymphoma mostly 
manifests a hypoattenuating mass with slight to 
moderate enhancement (Fig. 5.16) [65, 66]. 
Extensive extra-adrenal involvement is not 


masses. (b) FDG-PETCT shows FDG uptake of adrenal 
lymphoma (arrow) that is higher than that of liver 
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uncommon in the lymph node, liver, spleen, tes- 
tis, and retroperitoneal space. 

At MRI, adrenal lymphoma is hypointense to 
isointense on Tl-weighted images and slightly 
hyperintense on T2-weighted images when com- 
pared with the liver [66]. Contrast-enhanced MR 
images show mild to moderate enhancement in 
the adrenal lymphoma [100]. Adrenal lymphoma 
shows mild diffusion restriction at diffusion- 
weighted images [65]. 

Because adrenal lymphoma is not a surgical 
disease, percutaneous biopsy is often needed for 
definitive diagnosis. 


5.5.3 Metastases 


Adrenal incidentalomas in patients without a his- 
tory of extra-adrenal malignancy are benign in 
almost all cases. However, the possibility that 
adrenal masses are metastatic lesions is higher in 
patients with a known extra-adrenal malignancy 
than non-oncologic patients with adrenal inci- 
dentaloma. Adrenal metastases are reported in 
27 % of an autopsy series of patients with extra- 
adrenal malignant tumors [67]. The most com- 
mon metastatic tumor is lung cancer and followed 
by breast cancer, colon cancer, and malignant 
melanoma [68]. 

Bilateral metastasis is more common than uni- 
lateral metastasis. However, any new adrenal 
mass should be considered a potential metastatic 
lesion in a patient with a known extra-adrenal 
malignancy. CT or MRI should be dedicated to 
detect intracytoplasmic lipid or to assess percent- 
age washout for the purpose of excluding possi- 
bility of adenoma (Fig. 5.17). If an adrenal mass 
is not adenoma on imaging studies, PETCT or 
percutaneous biopsy is necessary to exclude the 
diagnoses of non-metastatic non-adenomas [20]. 
PETCT is superior to CT or MRI for detecting 
adrenal metastasis, while the former is inferior to 
the latter for characterizing adenoma [20]. 
However, it should be kept in mind that extra- 
adrenal malignant tumor can metastasize to a 
preexisting adrenal lesion [20]. 
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5.6 Pathology of Adrenal Tumors 


5.6.1 Adrenal Cortical Adenoma 
Grossly adrenal cortical adenoma is well- 
demarcated intra-adrenal mass with yellow to yel- 
low-brown color and is frequently encapsulated 
(Fig. 5.18a). Cut surface is solid and homogeneous. 
Microscopically cortical adenoma is composed of 
clear to eosinophilic cells with small, relatively 
uniform nuclei (Fig. 5.18b). Mild nuclear pleomor- 
phism can be found. Architectural pattern is solid 
sheets, nest, or cord. Mitosis is usually absent. 


5.6.2 Adrenal Cortical Carcinoma 


Adrenal cortical carcinoma is generally large 
tumor with invasive border. Tumor cut surface is 
often variegated frequently containing necrosis 
and hemorrhage (Fig. 5.19a). Microscopically, 
carcinoma is often composed of tumor cells with 
atypical bizarre nuclei (Fig. 5.19b). High mitotic 
figures and atypical mitosis are frequent in carci- 
Carcinomas often show patternless 
sheets. Invasion into capsule, vascular invasion, 
broad fibrous bands, and necrosis are another fea- 
tures of carcinoma. Several scoring systems have 
been used to evaluate malignant potential of 
adrenal cortical neoplasm, and the Weiss scoring 
system is commonly used [69-71]. Weiss scoring 
system includes nuclear grade, mitotic rate, pres- 
ence of atypical mitosis, clear cells, diffuse archi- 
tecture, microscopic necrosis, and invasion of 
venous, sinusoidal and capsular structures [72]. 


nomas. 


5.6.3 Pheochromocytoma 


Pheochromocytomas are variable-sized tumor with 
yellow to reddish color. This tumor is frequently 
encapsulated and often shows hemorrhage and 
necrosis (Fig. 5.20a). Microscopically pheochro- 
mocytoma reveals well-defined tumor cell clusters 
mainly showing alveolar pattern with abundant 
vascular network (Fig. 5.20b). Tumor cells have 
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Fig. 5.17 Adrenal metastasis in a 66-year-old man. (a) 
Contrast-enhanced CT shows a left adrenal metastatic 
nodule (arrow) in which absolute and relative percentage 
washouts are calculated less than 60 % and less than 40 %, 
respectively. He underwent surgery of sigmoid colon can- 
cer previously. These CT findings are suggestive of metas- 


tasis. Follow-up CT shows increased size of the lesion, 
consistent with metastasis. (b) PETCT shows a small left 
adrenal nodule (arrow) in which FDG uptake is less than 
that (asterisk) of the liver, suggesting a benign lesion. 
However, a small or necrotic metastatic nodule may mani- 
fests as a false-negative lesion 
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Fig. 5.18 (a) Gross photograph of adrenal cortical ade- 
noma shows well-demarcated mass surrounded by normal 
adrenal tissue with yellow color. (b) Microscopically this 
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adrenal cortical adenoma shows small tumor cell nests, 
and tumor cells have small round uniform nuclei and 
eosinophilic cytoplasm 


Fig. 5.19 (a) Adrenal cortical carcinoma is large mass with frequent hemorrhage and necrosis. (b) Bizarre nuclei 


(arrows) are found 


granular eosinophilic, basophilic, or amphophilic 
cytoplasm with round nuclei and prominent nucle- 
oli. Nuclear pleomorphisms are sometimes found. 
Morphologic markers of malignant pheochromo- 
cytoma are not reliable [73]. But malignant pheo- 
chromocytomas are generally larger tumor than 
benign pheochromocytoma with more necrosis 
(Fig. ). Pheochromocytoma of the adrenal 
gland scaled score (PASS) can be applied to sepa- 
rate benign from malignant pheochromocytoma 
[74, 75]. PASS includes capsular invasion, vascular 
invasion, extension into periadrenal adipose tissue, 
presence of large nests or diffuse growth pattern, 
central tumor necrosis or confluent necrosis, high 
cellularity, tumor cell spindling, cellular monotony, 
mitosis more than 3 per ten high-power fields, 
atypical mitosis, nuclear pleomorphism, and 
nuclear hyperchromasia (Fig. 5 ). 


5.6.4 Neuroblastic Tumors 


Neuroblastomas are large well-demarcated soft, 
gray-tan-colored mass often showing hemor- 
rhage, necrosis, and cystic change (Fig. ). 
Microscopically this tumor is composed of 
small primitive round cells (neuroblast) with 
little cytoplasm in fibrillary background 
(Fig. ). Architectural pattern is mainly 
solid sheet. Homer-Wright rosettes are often 
found. 

Ganglioneuroblastoma is a tumor showing 
some degree of differentiation that lies 
between neuroblastoma and ganglioneuroma. 
Ganglioneuroblastoma contains varying pro- 
portion of larger ganglion cells admixed with 
primitive neuroblasts (Fig. ) [76]. 
Ganglioneuroma has little or no neuroblasts. 
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Fig.5.20 (a) Cut surface of pheochromocytoma shows whit- 
ish to reddish color with hemorrhage. Normal adrenal tissue is 
noted around pheochromocytoma. (b) Microscopically 
pheochromocytoma reveals alveolar pattern with granular 


5.6.5 Other Tumors 


5.6.5.1 Adrenal Cyst 
Adrenal cyst can be classified into endothelial 
(simple) cyst, pseudocyst, and true epithelial cyst 


eosinophilic cytoplasm. (c) Grossly malignant pheochromo- 
cytoma is large tumor with frequent hemorrhage and necrosis. 
Microscopically malignant pheochromocytoma can show 
atypical mitosis (d) or nuclear pleomorphism (e) 


[77]. Endothelial cyst shows flat endothelial lin- 
ing (Fig. 5.22a). Pseudocyst has fibrous wall 
without lining cells and contains serous or bloody 
fluid (Fig. 5.22b). True epithelial-lined adrenal 
cyst is rare [78]. 
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Fig. 5.21 (a) Grossly neuroblastoma is large well- 
demarcated mass with hemorrhage. (b) Microscopically 
neuroblastoma is composed of uniform small round cells 
with occasional Homer-Wright rosette (arrow). (c) 
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Ganglioneuroblastoma is whitish, relatively homoge- 
neous mass. (d) Microscopically ganglioneuroblastoma 
contains variable amounts of neuroblasts (arrow), gan- 
glion cells (arrow head), and schwannian stroma 


Fig. 5.22 Adrenal cysts. (a) Endothelial cyst shows endothelial lining (arrow) on cyst wall. (b) Pseudocyst shows no 
lining cells on cyst wall 
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Fig. 5.23 (a) Myelolipoma is yellowish mass with hemorrhage. (b) Microscopically myelolipoma is composed of 
mature fat and hematopoietic elements 


5.6.5.2 Myelolipoma 

Grossly myelolipoma shows yellow-colored cut 
surface with hemorrhagic area (Fig. 5.23a). 
Microscopically this tumor is composed of adi- 
pose tissue and hematopoietic (Fig. 5.23b). 


Percutaneous Thermal 
Ablation 


5.7 


Imaging-guided thermal ablation is indicated as an 
alternative treatment for patients who are not eligi- 
ble for surgery because of coexisting morbidities 
and for patients who do not want to undergo surgery 
[79]. This minimally invasive treatment requires a 
multidisciplinary team approach from interven- 
tional radiologist, oncologist, urologist, surgeon, 
and endocrinologist. They should thoroughly evalu- 
ate physical examination, sign, and symptoms. 

Pre-ablation CT or MR images are reviewed 
for tumor size, location, and potential difficulties 
in approach to the tumor. The international 
normalized ratio should be less than 1.5-1.8 and 
the platelet count 5x10°%uL or greater. 
Biochemical serum or urine assays for cortisol, 
aldosterone, and catecholamines should be per- 
formed before ablation to measure interval 
change after treatment. 

A pre-ablation biopsy is recommended to con- 
firm the pathologic diagnosis because no tissue is 


removed during percutaneous ablative therapy. 
A hypertensive crisis may occur during a biopsy, 
particularly if a pheochromocytoma is suspected. 
A biopsy should be obviated if catecholamine is 
positive in the urine or serum. 

Endocrinologic consultation is necessary in 
the management of functioning adrenal tumors 
and helps in preprocedure preparation for a 
hypertensive crisis [79]. An endocrinologist 
may initiate premedication with a- and 
B-blockers. A typical pretreatment protocol can 
include 10-60 mg of oral phenoxybenzamine 
with titration of /-blockers for 10-14 days before 
ablation. 

Although most renal and hepatic tumors are 
ablated with conscious sedation, adrenal tumor 
ablations should be performed under general 
anesthesia to preempt hypertensive crisis and to 
prepare for treatment. 

Radiofrequency ablation [80-82] is the most 
common ablation therapy for adrenal tumor and 
followed by cryoablation [83, 84] and microwave 
ablation [85, 86]. 

CT is the most common guiding modality 
for adrenal tumor ablation to visualize ablation 
area during the course of treatment (Fig. 5.24). 
MRI can depict ablation area well because of 
excellent soft tissue contrast but also can avoid 
radiation exposure to both patients and 
radiologists. 


220 


Fig. 5.24 Radiofrequency ablation of an adrenal meta- 
static mass in a 57-year-old man. Unenhanced CT shows 
a left adrenal metastatic mass (arrow) in which a radiofre- 
quency electrode (arrowhead) is placed. Left-side down 
of the patient collapses the ipsilateral lung so that no lung 
tissue is intervened in the pathway of the electrode 


Complications of adrenal tumor ablation 
include hypertensive crisis, bowel injury, pneumo- 
thorax, hemorrhage, adrenal insufficiency, infec- 
tion, and pain. Hypertensive crisis results from 
excessively released catecholamines. This compli- 
cation requires intravenous administration of a- 
and /-blockers. Bowel injury is a result of thermal 
damage to small bowel. This complication can be 
avoided by hydrodissection displacing bowel. 
Ipsilateral side down of patients helps to avoid 
pneumothorax by means of collapsing the ipsilat- 
eral lung (Fig. 5.24). Subsequently, lung tissue 
does not exist in the pathway of ablation applica- 
tors. Transhepatic approach may avoid pneumo- 
thorax by means of providing another route for 
accessing right adrenal tumor [87]. Hemorrhage 
may result from mechanical injury to critical struc- 
tures including the inferior vena cava, aorta, renal 
arteries, and lumbar collateral vessels. Ablation 
applicators should be meticulously manipulated 
during the tumor targeting. Adrenal insufficiency 
is a rare complication of thermal ablation because 
normal adrenal tissue is more likely to be pre- 
served with thermal ablation compared to surgery. 

Long-term outcome after imaging-guided 
ablation depends on the type of tumor treated and 
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size of the tumor. Technical success can be 
achieved for tumors smaller than 5 cm. For func- 
tioning adrenal tumors, technical success requires 
non-enhancing adrenal tumors and normalizing 
biochemical abnormalities. For adrenal meta- 
static tumors, the eventual outcome depends on 
the prognosis of the primary tumor although local 
control is achieved [80]. 

5.8 Surgery for Adrenal Tumors 

The indications for adrenalectomy are various, 
including primary aldosteronism, Cushing syn- 
drome, pheochromocytoma, adrenal adenoma, 
adrenocortical adenoma, neuroblastoma, adrenal 
cyst, myelolipoma, metastatic adrenal tumor, and 
incidentaloma [88]. Among various approaches, 
laparoscopic adrenalectomy is generally consid- 
ered as the surgical treatment of choice [89]. 
However, open adrenalectomy is better in the 
cases of adrenocortical carcinoma, large size of 
pheochromocytoma, severe obesity, and previous 
history of multiple abdominal surgeries [90]. 


5.8.1 Open Surgical Approach 


to Adrenal Gland 


For open adrenalectomy, several approaches are 
available, including flank, lumbodorsal posterior, 
thoracoabdominal, and subcostal incision [88]. 
Particularly, thoracoabdominal approach is useful 
for large tumor or invasive adrenocortical carci- 
noma due to good surgical field. Conversely, 
lumbodorsal posterior approach for adrenalec- 
tomy should not be recommended for large-sized 
tumor or adrenocortical carcinoma due to the 
small operative filed. Subcostal approach can be 
useful for larger adrenal tumors with better surgi- 
cal exposure of great vessels. 

Initial step of adrenalectomy is to identify the sur- 
gical plane between the Gerota fascia and the vis- 
ceral peritoneum. The peritoneum is freed and 
mobilized from the Gerota fascia. On the right side, 
inferior vena cava (IVC) and duodenum are seen, 
and the adrenal gland can be visualized following 
cephalad dissection toward the lower border of the 
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Fig. 5.25 Control of left adrenal vein; the identification 
and handling of adrenal vein are important steps in adre- 
nalectomy. In left adrenalectomy, the left adrenal vein can 
be ligated and transected using clipping material, such as 
metal clip and Hem-o-lok 


liver. The adrenal gland is dissected along the plane 
between medial aspect of adrenal gland and lateral 
boarder of IVC. The adrenal vein can be identified 
during dissection of this plane, and it is ligated by 
either surgical ties or metal clips. Arterial control of 
the adrenal gland is typically performed with har- 
monic scalpel for effective hemostasis. Attachment 
to the kidney of inferomedial surface of the adrenal 
gland is divided by using harmonic scalpel or elec- 
trocautery hook. For the resection of left adrenal 
gland, same surgical process is used; otherwise aorta 
is identified medially as well as the spleen and pan- 
creas are visualized superiorly. Left adrenal vein 
draining into renal vein is identified and ligated. 
After meticulous control of arterial branch with har- 
monic scalpel, the adrenal gland is mobilized and 
finally resected. 


5.8.2 Laparoscopic Approach 
to Adrenal Gland 


Laparoscopic surgery to remove the adrenal 
tumors has several advantages, such as less pain 
and shorter hospital day, compared to open 
adrenalectomy. Particularly, laparoscopic 
resection is preferred in tumors with its diameter 
less than 6 cm and in benign tumors [91]. 
Transperitoneal and retroperitoneal approaches 
are available in laparoscopic adrenalectomy. 
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In transperitoneal technique, patient is gener- 
ally placed in a semilateral position at 70 degree. 
Anterior supine position is recommended in the 
case of bilateral adrenal tumors for a better acces- 
sibility and surgical view. For left-side adrenal 
tumor with lateral approach, four ports are 
placed. First of all, white line of Toldt is incised 
off the parietal peritoneum, and the descending 
colon is mobilized toward medial side. The lieno- 
renal ligament is divided to detach the spleen 
from kidney upper pole, which makes to facilitate 
the exposure of adrenal gland. The left renal vein 
is identified at the medial side of the renal vein. 
After control with Hem-o-lok and metal clips, the 
adrenal vein is divided (Fig. 5.25). 

Then, the adrenal gland bearing tumors is dis- 
sected from the kidney upper pole and detached 
from perivascular connective tissues. In this pro- 
cedure, adrenal arteries are mostly not visible, 
and dissection with harmonic scalpel is useful for 
effective bleeding control. Finally, remaining 
periadrenal attachment is further dissected, and 
then, absorbable hemostat (Surgicel®; Ethicon 
Endo-Surgery Inc, Blue Ash, OH, USA) is placed 
on tumor resection bed. The tumor specimen is 
extracted from the abdomen cavity by using 
LAPSAC®, Cook Medical, Bloomington, IN, 
USA. 

For right-side tumor, the whole step of sur- 
gery is similar to left-side tumor; otherwise one 
more assist-trocar is needed for liver traction. 
Initially, attachment between the liver and 
Gerota’s fascia is dissected, and then IVC is 
exposed beside the duodenum. Adrenal tumor 
can be identified between the liver and IVC at 
the upper pole side of the kidney. After detection 
of the right adrenal vein draining into IVC, it is 
clamped with metal clip and resected. Upper 
aspect of the adrenal gland, where unvisible 
adrenal arteries can be existed, is dissected 
(Fig. 5.26). 

In this step, harmonic scalpel is recommended 
for efficient bleeding control. Lower aspect of 
adrenal gland is dissected from kidney upper 
pole. Then, adrenal tumor is fully resected, and 
specimen is removed from tumor bed by using 
LAPSAC®. Representative images of adrenal 
tumors specimens are shown. 
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Fig. 5.26 Dissecting the superior border of tumor; the 
upper part of adrenal tumor is separated from the inferior 
border of the liver 


Whittle et al. reported the first case of laparo- 
scopic retroperitoneal adrenalectomy 20 years ago 
[92]; this surgical technique is not widely used due 
to several difficulties such as small working space 
and paucity of anatomic landmark during surgery 
[93]. Therefore, some surgeons perform retroperi- 
toneal adrenalectomy in selected indications, for 
example, small tumors and nonobese patients. 


5.8.3 Approach to Adrenal Gland 
with Laparoendoscopic 
Single-Site Surgery (LESS) 


In 2009, LESS-nephrectomy in children was 
reported in Korea [94]. After then, various indi- 
cations of LESS techniques were tried, and sev- 
eral studies of LESS-adrenalectomy were 
reported [95, 96]. Patient is placed in semilateral 
position. About 2.5 cm-sized incision is made at 
the umbilicus (contralateral side of the tumor). In 
our department, homemade single-port system 
was initially applied for LESS. 

The retractor of Lap-disc is inserted through the 
incision. Surgical glove is docked with retractor of 
Lap-disc. After cutting three tips of glove, 5 mm 
trocar is inserted and stayed with rubber band as 
working channels. Recently, commercial single- 
port system, OCTO™PORT (DalimsurgNET, 
Seoul, Korea), can be used for LESS in Korea. 
Flexible instruments for LESS-adrenalectomy are 
entered into OCTO™PORT system (Fig. 5.27). 
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Fig.5.27 Insertion of surgical instruments in OCTO™PORT 
system; laparoendoscopic single-site surgery (LESS) for 
renal or adrenal mass removal can be performed using com- 
metcialized port device, such as OCTO™PORT 


After completion of tumor resection, speci- 
men is extracted via the retractor of single port. 
Only small single incision site remains after sur- 
gery with good cosmetic result. 

For LESS-right adrenalectomy, hepatorenal 
ligament is initially detached from the kidney 
upper pole side like laparoscopic surgery. Then, 
IVC and duodenum are identified followed by 
adrenal mass detection. 

Adrenal vein is exposed and controlled by 
harmonic scalpel (Fig. 5.28). Remained attach- 
ment of adrenal tumor is resected from the kid- 
ney upper pole and lower margin of the liver. 
After complete resection of the adrenal gland, 
specimen is extracted by using LAPSAC®. 
Finally, surgical glue (Tissel®) and surgical are 
applied on tumor resection bed for effective 
bleeding control. The surgical step for left 
LESS-adrenalectomy is similar to laparoscopic 
surgery, and key procedures are presented as fol- 
lowing figures. Port placement and detailed skill 
for single-port surgery are described above. 


5.8.4 Robot-Assisted Laparoscopic 
Approach to Adrenal Gland 


Robot-assisted laparoscopic surgery has become 
mainstay of urologic surgery, such as radical 
prostatectomy and partial nephrectomy [97]. 
Although it remains open question whether 
robotic adrenalectomy is superior to conventional 
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Fig. 5.28 Identification and control of right adrenal vein; 
right adrenal vein directly originates from inferior vena cava 
(IVC), and the length of right adrenal vein is generally shorter 
than that of left adrenal vein. Therefore, adequate dissection 
of medial and posterior side of IVC is necessary to identify 
and control of right adrenal vein. Right adrenal vein can be 
sacrificed using energy device, such as Harmonic scalpel™ 


laparoscopic surgery, the interest in robot- 
assisted laparoscopic surgery for adrenal mass 
has also been increased [98]. Three-dimensional 
vision and handlike movement are the technical 
benefits of robot-assisted surgery. 

Typically, transperitoneal approach is used, 
and thus, patient is prepared in flank position and 
draped. Four to five trocars are inserted as fol- 
lowing the surgeon’s preference, and the robot 
should be docked at an angle at the upper side of 
operative table for great accessibility of adrenal 
gland. Detailed procedures of the operative tech- 
nique for robot-assisted adrenalectomy are nearly 
identical to conventional laparoscopic surgery as 
described previously. Briefly, for right-side 
tumor, detachment of hepatorenal ligament is ini- 
tially done. IVC and adrenal vein are identified at 
the medial side of duodenum. Then, adrenal vein 
is clamped and resected (Fig. 5.29). Remained 
connective tissues of adrenal gland are dissected 
and then fully detached from tumor bed. 


5.9 Radiotherapy 

Primary adrenal tumors are rarely indications for 
definitive or adjuvant RT. Adrenal gland is prone to 
metastatic involvement from certain malignancies. 
In selected oligometastatic cases, stereotactic body 
ablative radiotherapy (SBRT) may be used to ablate 
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Fig. 5.29 Completion of right adrenal tumor resection; 
complete removal of adrenal mass can be made after pro- 
cessing adrenal vein 


metastatic lesions in adrenal gland. To accurately 
define target volume for SBRT of adrenal metasta- 
ses, contrast-enhanced CT scanning is useful to dif- 
ferentiate uninvolved adrenal parenchyma from 
metastatic lesions. 


Conclusion 

Radiologists should focus on characterizing 
adrenal adenoma when an adrenal mass is 
incidentally detected because adenoma is the 
most common adrenal lesion. Unenhanced 
CT, MRI, and contrast-enhanced CT provide 
excellent accuracy for lipid-rich or lipid-poor 
adenoma and myelolipoma. The other benign 
and malignant non-adenomas are evaluated by 
team approach involving radiologists, endo- 
crinologists, and surgeons based on clinical 
findings and biochemical tests in addition to 
imaging features. Therefore, they need to be 
familiar with imaging protocols and various 
imaging features for differential diagnoses. 
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Chang Kyu Sung, Bohyun Kim, Kyung Chul Moon, 
Ja Hyeon Ku, and Seung Beom Ha 


Nee Retroperitoneal Tumors 
tome 
Vv 
“On ag 
6.1 Introduction 


The retroperitoneum is a large compartmental- 
ized space bounded anteriorly by the posterior 
parietal peritoneum and posteriorly by the trans- 
versalis fascia (Fig. 6.1). The abdominal retro- 
peritoneum is divided by the fascial planes into 
three distinct compartments: the anterior parare- 
nal, the perirenal, and the posterior pararenal 
spaces. The anterior and posterior pararenal 
spaces merge inferior to the level of the kidneys, 
which communicates inferiorly with the prevesi- 
cal space and extraperitoneal compartments of 
the pelvis [1]. Retroperitoneal tumors represent a 
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broad, diverse group of benign and malignant 
lesions, which may be primary or secondary in 
origin [2]. Primary tumors of the retroperitoneum 
develop independently from cells distinct from 
the major retroperitoneal organs such as the kid- 
neys, adrenal glands, pancreas, colon and duode- 
num, and major blood vessels. The majority of 
retroperitoneal tumors arise from retroperitoneal 
organs and are therefore not considered primary 
retroperitoneal tumors [3]. 

Primary retroperitoneal tumors present a broad 
spectrum of pathologic entities and arise from 
actual tissues in the same space or from embry- 
onic rests found therein [4]. Diagnosis of these 
tumors begins with affirmation of their retroperi- 
toneal location and then determination of whether 
the lesion is primarily retroperitoneal or is arising 
secondarily from a retroperitoneal organ [5]. 
Primary retroperitoneal tumors can be further cat- 
egorized into four main groups: mesodermal neo- 
plasms; neurogenic tumors; germ cell, sex cord, 
and stromal tumors; and lymphoid neoplasms [5] 
(Table 6.1). When lymph nodes are regarded as a 
retroperitoneal organ, lymphoma is not consid- 
ered a primary retroperitoneal tumor. Because of 
high incidence of retroperitoneal lymphadenopa- 
thy including metastases and lymphoma, the term 
primary retroperitoneal tumors should be consid- 
ered after exclusion of lymphadenopathy and ana- 
tomic connection to any retroperitoneal organs. 

Malignant retroperitoneal tumors account 
for approximately 0.1% of all malignancies 
and are more common than benign tumors in 
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the retroperitoneal space [6, 7]. Retroperitoneal 
sarcomas account for 90% of mesodermal primary 
retroperitoneal malignancies, with liposarcoma, 
leiomyosarcoma, and malignant fibrous histiocy- 
toma making up more than 80% of these tumors 
[1, 8]. Retroperitoneal sarcomas have a peak inci- 
dence in the fifth and sixth decades of life and occur 
with equal frequency in males and females [8]. 


Fig. 6.1 Schematic diagram of retroperitoneal anatomy 
at the level of the kidneys. The retroperitoneum is subdi- 
vided into the three distinct compartments: the anterior 
pararenal (APS), the perirenal (PRS), and the posterior 
pararenal (PPS) spaces. A aorta, V inferior vena cava, 
P pancreas, S spleen, L liver, C colon, RK right kidney, 
LK left kidney, PP parietal peritoneum, ARF anterior 
renal fascia, LCF lateroconal fascia, PRF posterior renal 
fascia, TF transversalis fascia 


Table 6.1 Classification of primary retroperitoneal tumors 
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They usually reach a large size without pro- 
ducing symptoms. Therefore, they can present 
later in life with nonspecific symptoms such as 
abdominal pain and fullness and usually have 
poor prognosis. The 5-year survival rate of the 
patients including those with sarcoma was report- 
edly 22-50% [9]. Therefore, it is important to 
diagnose retroperitoneal tumors as early as pos- 
sible and discriminate the malignant from the 
benign tumors precisely in order to properly treat 
and to avoid unnecessary aggressive treatment for 
benign tumors. However, since the diagnostic 
imaging findings of these tumors are not specific 
for the histological diagnosis and even imaging- 
guided biopsy of large retroperitoneal tumors may 
not be conclusive, prediction of the definitive his- 
tological diagnosis remains a challenge [7, 10]. 


6.2 Diagnostic Evaluation 

Cross-sectional imaging plays an important role in 
the characterization of these masses and in the 
evaluation of their extent, direct involvement of 
adjacent structures, and detection of distant metas- 
tases and therefore in treatment planning. It is also 
useful in guiding biopsy, planning surgery, evalu- 
ating response to treatment, restaging, and in the 


Tissue of origin Benign Malignant 
Mesodermal origin 
Adipocytic Lipoma Liposarcoma 
Smooth muscle Leiomyoma Leiomyosarcoma 
Skeletal muscle Rhabdomyoma Rhabdomyosarcoma 
Fibroblastic Fibroma Fibrosarcoma 
Vascular Hemangioma Hemangioendothelioma 
Lymphangioma 
Nervous origin 
Nerve sheath Schwannoma Malignant peripheral nerve sheath tumor 
Sympathetic nervous system Neurofibroma Ganglioneuroblastoma 
Chromaffin/paraganglionic cells Ganglioneuroma Neuroblastoma 
Paraganglioma Malignant paraganglioma 


Germ cell, sex cord, and stromal cell origin 
Embryonic rests 


Benign teratoma 


Malignant teratoma 


Notochord Chordoma 
Embryonic hindgut Tailgut cyst (retrorectal 
cystic hamartoma) 
Lymphoid origin Lymphoma 
Miscellaneous Erdheim—Chester disease 


Castleman’s disease 
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Fig. 6.2 Determining tumor location within the retro- 
peritoneal space. (a) Anterior displacement of retroperito- 
neal structures such as pancreas (arrows) in this case of 
schwannoma suggests that the mass arises in the retroperi- 


long-term follow-up for local recurrence. An 
abdominopelvic computed tomography (CT) scan 
is the most commonly used modality for evaluating 
retroperitoneal disease, whereas magnetic reso- 
nance imaging (MRI) is more often used as a prob- 
lem-solving tool. In most cases, CT is less sensitive 
to motion artifact than MRI, and it better defines the 
anatomic relationship of the tumor to other abdomi- 
nal organs. CT provides superior spatial resolution 
and detection of calcification, while MRI has supe- 
rior soft tissue contrast and capabilities in the detec- 
tion of fat within a lesion. MRI has advantage in 
assessing fat or hemorrhage and is particularly use- 
ful in differentiating solid from nonenhancing cys- 
tic or necrotic lesions and in evaluating the extent of 
disease and the presence and nature of vascular 
thrombosis or encasement [11]. 

In order to classify a mass as primary retro- 
peritoneal, the location should be determined as 
within the retroperitoneal space and an organ of 
origin is excluded. Displacement of normal retro- 
peritoneal organs or large vessels in the space 
strongly suggests that a mass is retroperitoneal 
in location (Fig. 6.2) [3]. Several radiological 
signs have been described to assist in determin- 
ing the organ of origin. They include claw or 
beak sign, invisible or phantom organ sign, and 
embedded organ sign (Fig. 6.3) [3, 12, 13]. The 
claw or beak sign is positive when a mass causes 
the edge of an adjacent organ into a beak shape, 
meaning that the mass originates from that organ. 
Conversely, if a mass originates from a structure 
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toneum. (b) Anteromedial displacement of right iliac ves- 
sels (arrow) by the mass (leiomyosarcoma) suggests that 
the mass arises in the retroperitoneum 


adjacent to the organ, it will form obtuse angles 
to abut and compress the organ. The invisible or 
phantom organ sign is positive when a large mass 
arises from a small organ that then becomes 
undetectable. The embedded organ sign is posi- 
tive when a mass that arises from a given organ 
often appears embedded within it and the inter- 
face between the two may be difficult to appreci- 
ate [3]. Conversely, a mass that abuts but does not 
originate from a hollow structure compresses it 
and produces a crescentic deformity. Rounded 
rather than beaked edges of an adjacent organ 
(negative beak sign) with a crescentic deforma- 
tion (negative embedded organ sign) by the tumor 
suggest a primary retroperitoneal tumor [3]. 

Location, size, and anatomical changes sec- 
ondary to tumor growth are easily visualized, and 
tumor invasion of adjacent organs can be demon- 
strated or suggested on cross-sectional imaging. 
Although there are significant overlaps in the 
imaging characteristics of retroperitoneal tumors, 
the radiographic appearances can offer clues as to 
the histologic subtype and grade, which may 
guide decisions. Some lesions have distinctive 
characteristics and can be diagnosed with some 
accuracy on imaging. It is also possible to narrow 
the differential diagnosis of a retroperitoneal 
mass based on certain imaging characteristics in 
combination with the pattern of involvement and 
demographics [5]. 

If fatty components are obvious, a diagnosis 
of liposarcoma is possible, but differentiation 
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Fig. 6.3 Determining origin of the mass. (a) Positive 
beak sign: a large mass causes the edge of the kidney to 
become beak shaped (arrows), meaning that the lesion 
originates from the kidney and is not primary retroperi- 
toneal tumor. The mass was confirmed as renal cell car- 
cinoma. (b) Negative beak sign: a large low-density 
mass abuts left kidney with dull edge (arrows), meaning 
that the mass originates from adjacent to left kidney. The 
mass was confirmed as leiomyosarcoma. (c) Positive 
invisible or phantom organ sign: a heterogeneous mass 


from a benign lipoma can be difficult. Cross- 
sectional imaging cannot reliably distinguish 
between retroperitoneal lymphomas and sarco- 
mas: although lymphomas tend to be homoge- 
neous on imaging and often envelope the inferior 
vena cava and aorta, while sarcomas are usually 
heterogeneous, these findings are unreliable. 
Imaging evidence of tumor necrosis suggests a 
high-grade component and portends a poor prog- 
nosis [14]. In general, extensive vascular involve- 
ment, peritoneal implants, and distant metastatic 
disease suggest unresectability. 


(arrows) that was confirmed as leiomyosarcoma is 
located between the right kidney and abdominal aorta. 
The tumor’s originating organ (inferior vena cava) 
appears totally incorporated by the tumor at this level 
and is no longer recognizable. (d) Negative embedded 
organ sign: the wall of inferior vena cava is compressed 
extrinsically from the tumor creating a crescent shape 
(arrow), meaning that the lesion does not originate from 
the IVC. The mass was confirmed as right adrenal 
pheochromocytoma 


Histological confirmation is required for diag- 
nosis in many cases of primary retroperitoneal sar- 
comas because of overlap of imaging features and 
for tumor grading. However, when the diagnosis 
seems straightforward, preoperative tissue diagno- 
sis is not necessary if surgery is planned to be the 
primary therapeutic intervention. Percutaneous 
biopsy can be a safe method in providing a tissue 
diagnosis for a locally advanced or unresectable 
lesion. Retroperitoneal biopsies can be safely per- 
formed under CT or US guidance. Imaging helps 
to identify and to guide specific targeted biopsy 
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from the enhancing or soft tissue component of the 
mass, which is more likely to be the more aggres- 
sive component of the mass. 


6.3 Tumors of Mesodermal Origin 


Most of the primary retroperitoneal tumors are of 
mesodermal origin with liposarcoma, leiomyo- 
sarcoma, and malignant fibrous histiocytoma 
together, making up more than 80% of primary 
retroperitoneal sarcomas [1, 15]. Historically, 
undifferentiated/unclassified soft tissue sarcomas 
are new terminology that replace or include the 
older term “malignant fibrous histiocytoma 
(MFH)” [16, 17]. The remaining primary retro- 
peritoneal masses arise predominantly from the 
nervous system. Among children, the most com- 
mon histologic types of retroperitoneal sarcomas 
are rhabdomyosarcoma and fibrosarcoma [18]. 

Retroperitoneal sarcomas typically present in 
the sixth and seventh decades of life and are often 
large at the time of clinical presentation because 
the loose connective tissue in the retroperitoneum 
provides little resistance to their growth [1]. 
Surgical resection is the only potentially curative 
treatment for a localized retroperitoneal sarcoma. 
The ability to perform a complete surgical resec- 
tion at the time of initial presentation is the most 
important independent prognostic factor for sur- 
vival followed only by histologic grade [5, 19- 
21]. The usual reasons for unresectability are 
extensive vascular involvement or the presence of 
multiple peritoneal implants. Overall, regional 
lymphadenopathy is uncommon in soft tissue 
sarcomas, with a frequency of less than 4% at 
presentation, and less than one-third of patients 
have metastases at presentation [21]. The recur- 
rence rates are high, and metastases to the liver, 
lung, bones, and brain may be seen [8, 22]. 


6.3.1 Liposarcoma 

Liposarcoma is the most common (33 %) sar- 
coma to occur in the retroperitoneum [22]. 
Retroperitoneal liposarcomas account for 
10-15 % of all liposarcomas, and they are more 
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common in the 50—70-year age group, with no 
sex predilection [1, 22]. They are classified his- 
tologically into four main subtypes: atypical 
lipomatous tumor/well differentiated, dediffer- 
entiated, myxoid, and pleomorphic (Fig. 6.4) 
[15, 23]. Different histological subtypes may 
coexist in the same lesion. Such histological 
subtypes are usually classified on the basis of 
the most aggressive cellular component. The 
fourth edition of the World Health Organization 
(WHO) Classification of Tumors of Soft Tissue 
and Bone was published in February 2013 [16]. 
The changes for adipocytic tumors in the fourth 
edition were the removal of the terms “round 
cell liposarcoma” and “mixed-type liposar- 
coma” [16, 17]. While the section heading lists 
only “atypical lipomatous tumor” on the recent 
WHO classification, the authors point out that 
retention of “well-differentiated liposarcoma” is 
still appropriate for tumors in sites at which 
margin-negative resection is often impossible 
(e.g., retroperitoneum, mediastinum), since 
such tumors are associated with substantial 
mortality [17]. The terminology “atypical lipo- 
matous tumor” and “well-differentiated liposar- 
coma” continues to need clarification [17]. 
Liposarcoma is usually large (average diame- 
ter, >20 cm) and is a slow-growing tumor [1]. In 
general, liposarcomas may be distinguished based 
on the presence of fat, which varies depending on 
the subtype [1, 24]. The well-differentiated sub- 
type is low-grade tumor and the most common 
type of retroperitoneal liposarcoma [1, 22]. The 
fact that well-differentiated liposarcoma shows no 
potential for metastasis unless it undergoes dedif- 
ferentiation led, in the late 1970s, to the introduc- 
tion of terms such as atypical lipoma or atypical 
lipomatous tumor, particularly for lesions arising 
at surgically amenable locations in the limbs and 
on the trunk since, at these sites, wide excision 
should usually be curative, and hence the designa- 
tion “sarcoma” is not warranted [25]. However, in 
sites such as the retroperitoneum and mediasti- 
num, it is commonly impossible to obtain a wide 
surgical excision margin, and, in such cases, local 
recurrence is almost inevitable and often leads to 
death, even in the absence of dedifferentiation and 
metastasis — hence, at these sites, retention of the 
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Fig.6.4 Liposarcoma with four histologic types on post- 
contrast CT images. (a) Well-differentiated liposarcoma 
in a 79-year-old man is shown as a large homogeneous 
fat-containing mass with thick septa (arrow) in right peri- 
renal space with superior displacement of the right kidney 
(not shown). (b) Dedifferentiated liposarcoma in a 
58-year-old man is shown as a large well-marginated 


term well-differentiated liposarcoma can readily 
be justified [17, 26]. 

Well-differentiated liposarcomas are predomi- 
nantly hypoattenuating lesion with fat attenua- 
tion on CT images and typically round or 
lobulated with smooth margin and may displace 
or surround local structures (Fig. 6.4a). The fat 
content in the mass demonstrates high signal 
intensity on Tl-weighted images and intermedi- 
ate signal intensity on T2-weighted images, with 
loss of signal on fat-suppressed images. The 
macroscopic fat content may be greater than 
75%, and these lesions must be distinguished 
from other fat-containing neoplasms which may 
occur in the retroperitoneum, such as lipoma, 
adrenal myelolipoma, renal angiomyolipoma, 


mass with heterogeneous attenuation and enhancing septa 
and soft tissue components (arrow). (c) Myxoid liposar- 
coma in a l-year-old man is shown as a heterogeneous 
hypoattenuating mass with ground-glass appearance. 
(d) Pleomorphic liposarcoma in a 58-year-old man is 
shown as a large solid soft tissue mass with internal necrosis 
and no fatty component 


and teratoma [27]. Retroperitoneal lipomas are 
fat-containing lesions that do not have any asso- 
ciated soft tissue component or nodularity. 
Although the appearance of well-differentiated 
liposarcoma may be similar to that of a lipoma, 
this subtype frequently has thicker, irregular, and 
nodular septa that show enhancement after con- 
trast material administration [28]. Calcification 
or ossification is rare and considered a poor prog- 
nostic feature, which often indicates dedifferen- 
tiation [3]. Well-differentiated tumors can recur 
but do not metastasize [1]. 

Dedifferentiated liposarcomas are high-grade 
tumors with poor prognosis [29]. This subtype is 
defined by the presence of sharply demarcated 
regions of non-lipogenic sarcomatous tissue within 
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Fig. 6.5 Dedifferentiated liposarcoma in a 63-year-old 
man. (a) Contrast-enhanced axial CT demonstrates a 
poorly marginated and markedly heterogeneous mass 
with fatty component (arrows) and enhancing nonadipose 
solid-appearing regions (small arrows) in left retroperito- 
neal space. The tumor invades into left psoas and quadra- 
tus lumborum muscles medially and displaces the left 
kidney and descending colon (black arrow) anteriorly. (b) 


a well-differentiated tumor [16]. At CT and MR 
imaging, these dedifferentiated tumors appear as 
more heterogeneous tumors with both fat and solid 
components (Figs. and 6.5) [1]. There may be 
no evidence of fat in up to 20%, which makes the 
diagnosis difficult based on imaging alone [28]. 
Calcification is seen in as many as 30% of these 
tumors and is an important sign of dedifferentiation 
[1, 30]. Variable signal intensity and enhancement 
of the solid portion may be seen [30]. 

Myxoid liposarcoma is of intermediate-grade 
malignancy and the second most common sub- 
type of liposarcoma, accounting for more than 
one-third of liposarcomas and representing about 
10 % of all adult soft tissue sarcomas. The lesions 


Tl-weighted axial image shows fat component (arrows) 
with hyperintensity in the mass. (c) T1-weighted fat-sup- 
pressed gadolinium-enhanced MRI demonstrates reduc- 
tion of the signal intensity at the fat component (arrow) 
and significant enhancement at the nonadipose solid com- 
ponent of the mass. (d) Diffusion-weighted imaging 
shows hyperintense signal (arrow) within the solid com- 
ponent of the mass 


formerly known as round cell liposarcoma are 
interpreted as histologic continuum with myxoid 
subtype and are included in this category. This 
subtype shows a heterogeneous hypoattenuating 
mass, with attenuation less than that of muscle at 
CT (Fig. 6.4c). Homogeneous distribution of fat 
and soft tissue within the mass may result in a 
“pseudocystic” appearance, near fluid density, on 
non-contrast scan [15]. They characteristically 
show gradual, heterogeneous enhancement [15]. 
There is no macroscopic fat in over 50 % and cal- 
cifications are uncommon [28]. At MR imaging, 
there is low signal intensity on Tl-weighted 
images and high signal intensity on T2-weighted 
images because of the mucopolysaccharide 
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contents in the myxoid matrix [1]. Lacy, linear, or 
amorphous areas of high signal intensity on 
Tl-weighted images and intermediate signal 
intensity on T2-weighted images may be seen 
because of the intratumoral fat content [1]. They 
demonstrate slowly progressive, reticular con- 
trast enhancement due to solid components, 
which enables differentiation from a cyst [31]. 

Pleomorphic liposarcomas are high-grade sar- 
comas and the least common histologic subtype. 
This subtype tends to occur in the extremities 
(lower>upper limbs), whereas the trunk and the 
retroperitoneum are less frequently affected. They 
are seen as heterogeneous soft tissue masses with 
little or no fat within and may contain areas of 
necrosis that are indistinguishable from other solid 
tumors (Fig. 6.4d) [1]. Calcifications are rare. 

Local recurrence after resection is the most 
common cause of relapse and is usually seen 
within 2 years. Recurrent liposarcomas may be 
difficult to differentiate from retroperitoneal fat, 
but recurrent tumors frequently have a slightly 
higher attenuation than the surrounding fat [13]. 
Recurrent liposarcomas often have a different 
appearance from the primary tumor and in many 
cases may not contain any visible fat. 


6.3.2 Leiomyosarcoma 


Leiomyosarcomas are the second most common 
primary retroperitoneal sarcoma, accounting for 
28 % of all cases [22]. They arise from smooth 
muscle elements within the retroperitoneal mus- 
cle tissue, blood vessels, or Wolffian duct rem- 
nants [1, 19]. Leiomyosarcoma is more common 
in women, in the fifth to sixth decades of life 
[32]. They can grow to a large size (>10 cm) 
before compromising adjacent organs and pre- 
cipitating clinical symptoms such as venous 
thrombosis [1]. Histopathologically, this tumor 
has large areas of necrosis and cystic degenera- 
tion, but calcification is uncommon [1]. They are 
large, well-circumscribed masses, which is isoat- 
tenuating to muscle on CT scan (Fig. 6.6). 
Contrast enhancement is often heterogeneous 
and predominantly peripheral. Small tumors may 
be homogeneously solid, but large tumors have 


C.K. Sung et al. 


extensive areas of low attenuation and represent 
necrosis and cystic degeneration. Rarely, leio- 
myosarcoma may appear as mostly cystic. At MR 
imaging, these tumors have intermediate to low 
signal intensity on T1-weighted images and inter- 
mediate to high signal intensity on T2-weighted 
images, depending on the amount of necrosis [1]. 
Mixed signal intensity and a fluid—debris level can 
be seen in hemorrhagic lesions [1]. The presence 
of extensive necrosis in a retroperitoneal mass, 
with contiguous involvement of a vessel, is highly 
suggestive of leiomyosarcoma [1]. Metastasis to 
the liver, lungs, or lymph nodes occurs late in the 
course of the disease [22, 32]. 


6.3.3 Undifferentiated/Unclassified 
Sarcoma 


This new category in the 2013 WHO classifica- 
tion, which may comprise up to 20% of all pleo- 
morphic soft tissue sarcomas [33], encompasses 
tumors in which all recognizable lines of differen- 
tiation have been excluded. Many of these tumors 
would have been called MFH in the past. Since 
MFH was first described as a distinct histologic 
type of soft tissue sarcomas in 1964, large series of 
cases were reported [34, 35]. However, MFH has 
been plagued by controversy in terms of both its 
histogenesis and its validity as a clinicopathologic 
entity. Many pathologists recognized that most so- 
called MFH located in the retroperitoneum were 
dedifferentiated liposarcomas and only a few cases 
may be classified as undifferentiated pleomorphic 
sarcoma [35]. The latest WHO classification no 
longer includes MFH as a distinct diagnostic cat- 
egory but rather as subtypes of an undifferentiated/ 
unclassified sarcoma [16, 17]. These tumors are 
typically high grade, show a wide range of mor- 
phological features, and are often associated with 
a poor prognosis. These tumors can be subclassi- 
fied according to predominant morphological pat- 
terns: round cell, spindle cell, pleomorphic, and 
epithelioid. Undifferentiated sarcoma, formerly 
known as MFH, is the third most common sar- 
coma in the retroperitoneal space and has been 
regarded as the most common soft tissue sarcoma 
in the whole body [1]. 
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Fig.6.6 Leiomyosarcoma in a 55-year-old woman. (a, b) 
Axial and coronal reformatted contrast-enhanced CT 
images incidentally discovered a solid-enhancing mass 
(arrows) containing internal cystic portion in left perirenal 
space. At that time, neurogenic tumor including neurilem- 
moma or paraganglioma was proposed as a radiological 


CT and MRI findings of the MFH were non- 
specific and demonstrated a large, infiltrating, and 
heterogeneously enhancing soft tissue mass with 
areas of necrosis and hemorrhage and with possi- 
ble invasion of adjacent organs (Fig. 6.7). Variable 
patterns of calcification can be seen (7-20 % of 
cases) in the peripheral portions of these tumors 
[1]. The presence of calcification may help to 
distinguish MFH from leiomyosarcoma [22]. 
The changes or controversial application in termi- 
nology and classification has represented a source 
of potential diagnostic confusion. Imaging inter- 
pretation should be updated with the latest 


diagnosis. (c) After 7 months, the follow-up CT shows 
marked interval increase in size of the mass (arrow) with 
more heterogeneous enhancement and internal nonen- 
hancing areas. Pathological examination after surgical 
resection confirmed leiomyosarcoma 


pathological classification to reach the more spe- 
cific diagnosis in predicting the histological type or 
grade of retroperitoneal tumors. 


6.3.4 Solitary Fibrous Tumor 


Visceral pleura is the most common site of soli- 
tary fibrous tumor occurrence, but it can occur 
outside of the thoracic cavity. Retroperitoneal 
solitary fibrous tumors are rare, and their clinical 
manifestations depend on the location and size of 
the tumor. They grow slowly in an expansive way 
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Fig. 6.7 Undifferentiated pleomorphic sarcoma in a 
36-year-old woman. Contrast-enhanced CT ((a), axial; 


(b), coronal reformatted) shows a large well- 
circumscribed heterogeneous mass with internal necrotic 
areas at left retroperitoneal space. Direct tumor invasion 
of adjacent muscles, including the psoas and quadratus 
lumborum muscles, is shown, and the left kidney is dis- 
placed superiorly 


and displace adjacent structures by compression. 
For extrapleural solitary fibrous tumor, there is 
now complete omission of the prior synonym 
“hemangiopericytoma” according to the WHO 
classification of soft tissue tumors [16, 17]. 
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The retroperitoneal solitary fibrous tumors 
were mostly lobulated and large, in round or oval 
shape (Fig. 6.8). Myxoid degeneration, hemor- 
rhage, and necrosis may be visible, especially in 
huge masses; the tumor density or signal intensity 
became more heterogeneous on imaging. Rarely, 
some may have calcification. Most retroperitoneal 
solitary fibrous tumors show moderate or intense 
enhancement. Complete surgical resection is the 
standard therapy for solitary fibrous tumor, and 
pathologically negative resection margins are 
important to achieve a good prognosis. 


6.3.5 Less Common Sarcomas 


Rhabdomyosarcoma is the most common soft tis- 
sue sarcoma in children. The tumor is believed to 
arise from primitive muscle cells, but tumors can 
occur anywhere in the body. The retroperitoneum 
is involved in 7% of cases diagnosed with rhab- 
domyosarcoma [36]. Cross-sectional imaging 
shows a mass with heterogeneous attenuation or 
signal intensity, focal calcifications, necrosis, and 
significant contrast enhancement. 

Extraskeletal chondrosarcoma in retroperito- 
neum is very rare. The histologic types of lesions 
that account for extraskeletal chondrosarcoma 
are myxoid, mesenchymal, and very rarely low 
grade [37]. On CT and MR images, both myxoid 
and mesenchymal chondrosarcomas have fea- 
tures similar to those described for tumors of 
these histologic types located in bone [37]. 
Imaging of these lesions demonstrates a nonspe- 
cific soft tissue mass with areas of chondroid 
matrix mineralization, which may be seen as 
ring- and arc-like, stippled, and highly opaque 
calcifications (Fig. 6.9). 

Extraskeletal osteosarcoma is a rare malignant 
mesenchymal tumor characterized by the direct 
production of osteoid or bone by tumor cells 
without primary bone or periosteal involvement. 
The most common location of these tumors is the 
lower extremity, especially the thigh, followed by 
the upper extremity and the retroperitoneum [38]. 
Imaging shows a large soft tissue with areas of 
amorphous calcifications, necrosis, or old hemor- 
rhage (Fig. 6.10). The imaging findings of 
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Fig. 6.8 Solitary fibrous tumor in a 46-year-old man. 
(a) Transabdominal sonogram shows a large, lobulated 
mass (arrows) at left paravertebral region. (b) Contrast- 
enhanced axial CT at aortic bifurcation level demon- 


Fig. 6.9 Extraskeletal chondrosarcoma in retroperito- 
neum in a 51-year-old man. Contrast-enhanced CT scan of 
the abdomen shows a large soft tissue mass in the left ret- 
roperitoneum with invasion of the left psoas muscle. Note 
punctate or stippled calcifications (arrows) in the mass 


extraskeletal osteosarcoma are nonspecific, with 
considerable overlap with other retroperitoneal 
masses. A wide range of differential diagnoses 
include several benign and malignant conditions 
that show mineralization, which include nontu- 
moral benign conditions such as calcified hema- 
toma or myositis ossificans and numerous benign 
and malignant retroperitoneal tumors. 


6.4 Tumors of Neurogenic Origin 


Neurogenic tumors constitute 10-20 % of primary 
retroperitoneal tumors in adult [1]. Compared 
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strates a large, lobulated mass (arrow) with intense 
enhancement at left anterior paravertebral region. Note 
direct tumor invasion into the adjacent left psoas muscle 
(small arrow) 


with the tumors of mesodermal origin, they are 
generally benign, occur in a younger popula- 
tion, and have a better prognosis [1]. They are 
classified according to their cells of origin. 
They can originate from the nerve sheaths 
(schwannoma, neurofibroma, neurofibromato- 
sis, malignant nerve sheath tumors), sympa- 
thetic nerves/ganglionic cells (ganglioneuroma, 
ganglioneuroblastoma, neuroblastoma), or 
chromaffin/paraganglionic cells (paragangli- 
oma, pheochromocytoma). They are seen com- 
monly along the sympathetic ganglia, which are 
located in the paraspinal region, and in the 
adrenal medulla or the organs of Zuckerkandl 
(para-aortic bodies) [1]. Less commonly, they 
occur in other sites, such as the urinary bladder, 
abdominal wall, bowel wall, or gallbladder [1, 
39]. Neuroblastoma and ganglioneuroblastoma 
are malignancies of childhood and are very rare 
in adults [15]. 


6.4.1 Schwannoma 

Schwannoma, also known as neurilemmoma, is 
the most common retroperitoneal neurogenic 
tumor and accounts for 4% of all retroperitoneal 
tumors [5]. It is a solitary, slow-growing benign 
tumor that arises from peripheral nerve sheath and 
is usually located in the paravertebral or presacral 
region. Pathologically, it appears as a rounded or 
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Fig. 6.10 Extraskeletal osteosarcoma in a 64-year-old 
man. (a, b) Precontrast (a) and post-contrast (b) axial CT 
images show a well-defined soft tissue mass (arrow) at 
right retroperitoneum with abutting the right psoas muscle 
and ICV (arrowheads). Multiple amorphous calcifications 
are seen in the mass. (c) Axial T2-weighted MR images 
show heterogeneously hyperintense mass. (d) Coronal 


oval mass and is well encapsulated and extends 
along the course of a nerve, with the nerve of ori- 
gin flattened against the periphery of the tumor [1]. 
Microscopically, it consists of two different com- 
ponents (Antoni A and Antoni B). Antoni A area 
is highly cellular, while Antoni B area is less cel- 
lular, with cystic and edematous area. At MR 
imaging, highly cellular areas are hypointense on 
Tl- and T2-weighted images, while cystic and 
edematous areas appear hyperintense on 
T2-weighted images. Small schwannomas may be 
seen as round, well-circumscribed, and homoge- 
neous masses, but large schwannomas have a 


C.K. Sung et al. 


T1-weighted fat-suppressed MR images after administra- 
tion of contrast material shows avid contrast enhancement 
with radiating pattern in the mass (arrow). The mass com- 
presses infrarenal IVC without invasion. Right ureter was 
also compressed by the mass, with resultant obstructive 
hydronephrosis 


heterogeneous appearance and are more likely to 
undergo degenerative changes (hemorrhage, 
necrosis or cystic changes, calcification, and hya- 
linization) (Fig. ). Contrast enhancement is 
heterogeneous, with nonenhancing cystic compo- 
nents and enhancing solid components [1]. 
Malignant transformation rarely occurs [1, 40]. 


6.4.2 Neurofibroma 


Neurofibroma is a benign nerve sheath tumor that 
can occur as an isolated tumor (90%) or as part of 
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various on axial 


Fig. 6.11 Schwannoma: 
contrast-enhanced CT images. (a) A small schwannoma 
in a 58-year-old woman is seen as a round, well- 
circumscribed solid mass (arrow) with slightly inhomoge- 
neous enhancement at left retroperitoneal space of the 
periadrenal region. (b) Another case of small schwan- 
noma in a 31-year-old woman is seen as an oval, well- 


patterns 


circumscribed solid mass (arrow) with internal 
nonenhancing portion at retrocaval region. (c) A schwan- 
noma in a 34-year-old woman is shown as a well-defined 
round mass (arrow) at left para-aortic region. The mass 


type 1 neurofibromatosis [1]. Approximately one- 
third of patients with a solitary neurofibroma are 
associated with type 1 neurofibromatosis, and 
almost every patient with multiple tumors or plexi- 
form neurofibromas has type | neurofibromatosis 


is seen to be predominantly cystic with septations. 
(d) Multiple schwannomas in a 6x-year-old woman are 
seen as bilateral retroperitoneal soft tissue masses (arrows) 
with prominent cystic degeneration. (e) A large schwan- 
noma in a 54-year-old woman is seen as a heterogeneous 
presacral mass with internal cystic or necrotic changes 
(arrows) and neural foraminal widening and bone destruc- 
tion (black arrows). (f) A benign schwannoma in a 48-year- 
old man demonstrates a multiloculated cystic mass with 
several septal calcifications (arrows) and extending into the 
left gluteal region through the greater sciatic foramen 


[39]. Neurofibroma is more common in men, par- 
ticularly in the 20-40-year age group [39]. 
Histopathologically, neurofibroma is an unencap- 
sulated solid tumor that is composed of nerve 
sheath cells and collagen bundles with variable 
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Fig. 6.12 Malignant peripheral nerve sheath tumor in a 
44-year-old man. (a) Axial contrast-enhanced CT image 
shows a heterogeneously enhancing soft tissue mass 
(arrow) destroying left side of the vertebral body, pedicle, 
and transverse process with invasion of the neighboring 


myxoid degeneration and causes expansion of the 
entire nerve, with nerve fibers traversing the tumor 
[1]. Cystic degeneration is rare. Plexiform neurofi- 
broma is seen as a large extensive infiltrating mass 
and is commonly located in the lumbosacral 
plexus. 

On imaging, neurofibroma is depicted as a 
well-defined, rounded mass with homogeneous 
contrast enhancement. Occasionally, it demon- 
strate target-like enhancement representing the 
center of nerve tissue and the periphery of myx- 
oid degeneration. On Tl-weighted images, the 
central portion of the tumor has higher signal 
intensity that is due to neural tissue, and on 
T2-weighted images, the periphery has higher 
signal intensity that is due to myxoid degenera- 
tion [1]. Tumors involving the neural foramina 
may show a “dumbbell” shape with widening of 
the bony foramina or vertebral body scalloping. 


6.4.3 Malignant Peripheral Nerve 
Sheath Tumor 


Malignant peripheral nerve sheath tumors include 
malignant schwannoma, neurogenic sarcoma, 
and neurofibrosarcoma [1]. Fifty percent of these 
tumors originate de novo, and the rest of them are 
derived from neurofibroma or ganglioneuroma or 
occur after exposure to radiation [39]. These are 


paraspinal muscle. (b) Another mass (arrow) with pre- 
dominantly cystic appearance is seen at right retroperito- 
neal space with anterior displacement of the inferior vena 
cava by the mass 


highly aggressive and infiltrative tumors, may 
present with distant metastases, and demonstrate 
high recurrence rate. They may be clinically 
asymptomatic, but progressive enlargement and 
pain can be suggestive of malignancy, especially 
when associated with type 1 neurofibromatosis. 
Although imaging is not reliable in differentiat- 
ing between benign and malignant tumors, a het- 
erogeneous nature, irregular or infiltrative borders 
with invasion into adjacent tissues and destruction 
of adjacent bones can be helpful for detecting 
malignancy (Fig. 6.12). 


6.4.4 Ganglioneuroma 


Ganglioneuroma is a rare benign tumor that 
arises from the sympathetic ganglia. It is usually 
asymptomatic; however, approximately 57% of 
ganglioneuromas may be functional and produce 
catecholamines or androgenic hormones [41]. In 
the retroperitoneum, the tumor is commonly seen 
along the paravertebral sympathetic ganglia 
(59 % of cases) or, less commonly, in the adrenal 
medulla [1]. 

This tumor appears as a well-circumscribed, lon- 
gitudinally oriented, paravertebral soft tissue mass 
that may surround major blood vessels without 
compressing their lumen, usually do not result 
in osseous changes, and only infrequently extend 


6 Retroperitoneal Tumors 


241 


Fig. 6.13 Ganglioneuroma in a 48-year-old woman. (a) 
Transabdominal sonogram demonstrates a low echoic 
mass (arrows) in left retroperitoneum. (b) Precontrast 
axial CT image shows a soft tissue mass (arrow) at left 
para-aortic region that has homogeneous attenuation sim- 


into the neural foramina (Fig. 6.13) [1]. Discrete 
punctate calcifications are seen in 20-30 % of gan- 
glioneuromas, unlike the coarse amorphous calci- 
fication of neuroblastomas [42]. Necrosis and 
hemorrhage are uncommon, and contrast enhance- 
ment is variable. On MRI, this tumor has homoge- 
neously low signal intensity on T1-weighted 
images, with varying signal intensity on 
T2-weighted images, depending on the myxoid, 
cellular, and collagen components [1]. 


6.4.5 Ganglioneuroblastoma 
and Neuroblastoma 


Ganglioneuroblastoma is an intermediate-grade 
tumor comprised of mixture of neuroblasts and 
ganglion cells in varying proportions. It is a 
pediatric tumor occurring in the 24-year age 


ilar to that of the renal parenchyma. (c) Contrast-enhanced 
axial CT image shows a well-circumscribed, minimally 
enhancing, soft tissue mass that encase the left renal arter- 


ies (arrows) without causing significant luminal 


narrowing 


group, with no sex predilection, and is rare in 
adults. Imaging appearances vary, and the 
tumor could be solid or cystic with solid com- 
ponents [1]. 

Neuroblastoma is a rare malignant tumor in 
adults, while it is one of the most common malig- 
nant tumors in children. The most common loca- 
tions are the adrenal gland and paravertebral 
region of the retroperitoneum since the tumor 
originates along the sympathetic ganglion chain, 
the Zuckerkand] organ, and the adrenal medulla. 
On imaging, neuroblastoma is seen as an irregu- 
lar, lobulated, and heterogeneous mass with 
coarse amorphous calcifications and variable 
contrast enhancement (Fig. 6.14). It may invade 
into adjacent organs and surround blood vessels 
with luminal compression. As many as 70% of 
patients have metastatic disease at the time of 
diagnosis [39]. 
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Fig. 6.14 Neuroblastoma in a 10-month-old girl is seen 
as a well-circumscribed, soft tissue mass in left upper 
retroperitoneum that contains multiple calcifications 
(arrows) 


6.4.6 Paraganglioma (Extra-adrenal 
Pheochromocytoma) 


A paraganglion is a group of non-neuronal cells 
derived of the neural crest. They are essentially 
of two types (chromaffin or sympathetic paragan- 
glia made of chromaffin cells and nonchromaffin 
or parasympathetic ganglia made of glomus 
cells). Tumors that arise from the chromaffin 
cells of the adrenal medulla are called pheochro- 
mocytomas, and those that arise in an extra- 
adrenal location (10%) are referred to as 
paragangliomas. In the retroperitoneum, the most 
common site for a paraganglioma is the organs of 
Zuckerkandl, which are located at the origin of 
the inferior mesenteric artery or at the bifurcation 
of the aorta. Up to 40 % of retroperitoneal para- 
gangliomas are malignant, compared with 10% 
of adrenal pheochromocytomas [43]. Malignancy 
is recognized by locally aggressive behavior or 
metastatic spread to other sites, as the histopatho- 
logic criteria do not distinguish the benign forms 
from the malignant ones [44]. Paragangliomas 
may be functional in up to 60% of patients and 
produce symptoms caused by catecholamine 
secretion [5]. 

They usually appear as sharply circumscribed 
polypoid masses and are highly vascular tumors 
represented by intense contrast enhancement 
(Figs. 6.15, 6.16, and 6.17). They may have areas 
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of intratumoral hemorrhage, necrosis, or punctate 
calcification. In general, the malignant paragangli- 
omas are larger and heterogeneous with poorly 
defined margins and internal necrosis, while the 
benign ones are smaller and homogeneous with 
clear margins. Radiological imaging is helpful in 
giving information on resectability and detecting 
the benign or malignant character of the lesion. On 
MR imaging, they show low to intermediate T1 
signal intensity and moderately high T2 signal 
intensity with marked and early enhancement after 
contrast material administration. They may show 
fluid—fluid levels representing the presence of hem- 
orrhagic necrosis inside the lesion. Radionuclide 
imaging performed after administration of m-iodo- 
benzylguanidine (MIBG) shows high uptake in 
paragangliomas and is a sensitive technique for 
localizing these lesions (Fig. 6.16) [39]. 


6.5 Tumors of Germ Cell, Sex 
Cord, and Stromal Cell 
Origin 

6.5.1 Primary Extragonadal Germ 


Cell Tumors 


Germ cell tumors arise predominantly from 
within the testis or ovaries, but approximately 
5-10 % of all malignant germ cell tumors are of 
extragonadal origin, particularly in the mediasti- 
num and retroperitoneum. Primary extragonadal 
germ cell tumor is more common in men. 
Extragonadal retroperitoneal germ cell tumors 
may have a pathological testis showing either 
viable tumor or lesions compatible with a 
“burned-out” or “autoinfarcted” primary testicu- 
lar tumor [12, 45]. They should be considered to 
be metastases of a viable or burned-out testicular 
cancer until proven otherwise. 

Germ cell tumors can be classified into two 
broad categories: seminomatous and nonsemi- 
nomatous germ cell tumors, which include 
embryonal cell carcinoma, choriocarcinoma, 
yolk sac tumor, teratoma, and mixed germ cell 
tumors. The imaging appearances of primary 
extragonadal germ cell tumors are nonspecific 
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Fig. 6.15 Paraganglioma in a 65-year-old man. (a) 
Transabdominal sonogram demonstrates a round cystic 
mass (arrows) with solid portion. (b) Post-contrast axial 
CT image shows a well-defined mass (arrow) with inter- 
nal cystic portion and moderately enhancing solid portion. 


and are similar to those of their gonadal coun- 
terparts. Nonseminomatous germ cell tumors 
tend to be more heterogeneous tumors with 
areas of hemorrhage, necrosis, and heteroge- 
neous enhancement. 

Teratomas represent the most common form of 
all germ cell tumors. Teratomas contain multiple 
parenchymal tissues that are derived from more 
than one germ cell layer (ectoderm, mesoderm, 
and endoderm). Teratomas can be benign or 
malignant, and benign teratomas can be either 
mature or immature. Mature teratomas (dermoid 
cysts) are predominantly cystic and may have cal- 
cification, fat with or without fat—fluid level, and a 
villiform solid component known as a Rokitansky 
protuberance (Fig. 6.18). Malignant teratomas 


The mass is located anterior to the inferior vena cava 
(black arrow). (c, d) Axial T2-weighted MR image (c) 
and post-contrast axial Tl-weighted fat-suppressed MR 
image (d) show a precaval mass that contains both solid 
and cystic components 


may be associated with irregular margins, wall 
thickening, and invasion of adjacent structures and 
vascular invasion. 


6.5.2 Primary Sex Cord-Stromal 
Tumors 


Extragonadal sex cord—stromal tumors are 
exceedingly rare, while extragonadal germ cell 
tumors are not infrequently encountered. Most of 
these tumors are granulosa cell tumors. Other his- 
topathologic types (thecomas, Sertoli—Leydig cell 
tumors, and other unclassified sex cord tumors) 
are exceedingly rare. An elevated estrogen 
level may be seen in granulosa cell tumors and 
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Fig.6.16 Paraganglioma in a 69-year-old man. (a) Post- 
contrast axial CT image shows a well-defined, solid mass 
(arrow) with heterogeneous enhancement and abutting 


thecomas [46]. The imaging findings are nonspe- 
cific, and CT and MR images show heterogeneous 
solid tumors, with heterogeneous enhancement. 


6.6 Tumors of Lymphoid Origin 

Lymphoma and metastatic disease are the most 
common causes of abdominopelvic lymphadenop- 
athy. Imaging differentiation between metastatic 
and reactive lymph nodes is based on size criteria, 
specifically short axis dimension. Size criteria are 
location based: the upper limit of normal in the ret- 
rocrural space is 6 mm, in the retroperitoneum is 
10 mm, and in the pelvis is 15 mm [47-49]. 
Relying on size criteria alone diminishes sensitiv- 
ity to metastatic normal-sized lymph nodes. Most 
normal lymph nodes have an oval shape with a 
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inferior vena cava. (b, c). 131I-MIBG scintigraphy (b) 
and SPECT-CT (c) images reveal intense 131]-MIBG 
uptake (arrows) in the mass 


preserved fatty hilum, whereas malignant lymph 
nodes are often rounded [49, 50]. 


6.6.1 Lymphoma 

The retroperitoneum is an uncommon location 
for primary lymphomatous involvement. By 
including lymph nodes as a retroperitoneal organ, 
lymphoma is not considered as a primary retro- 
peritoneal tumor by some authors. However, 
lymphoma is the most frequent retroperitoneal 
malignancy, accounting for 33% of all of these 
cases [22]. Lymphoma can be broadly divided 
into Hodgkin lymphoma and non-Hodgkin 
lymphoma. Non-Hodgkin lymphoma (93.7%) 
occurs in retroperitoneum more commonly than 
does Hodgkin lymphoma (6.3%) [11, 51, 52]. 
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Fig.6.17 Paraganglioma: various patterns on axial con- 
trast-enhanced CT images. (a) A paraganglioma in a 
50-year-old woman is seen as a homogeneously enhanc- 
ing, round mass (arrow) at left para-aortic region. (b) A 
paraganglioma in a 55-year-old-man is seen as a multi- 
loculated cystic mass (arrow) at left para-aortic region. (c) 


Para-aortic lymph nodes are involved in 25 % of 
the patients with Hodgkin lymphoma and 55 % of 
the patients with non-Hodgkin lymphoma [1]. 
Approximately 14% of the patients with non- 
Hodgkin lymphoma present with a retroperitoneal 
mass [1]. Lymphoma affects mostly middle-aged 
and elderly persons. The neighboring retroperito- 
neal organs are often involved by the tumor. 
However, bone marrow dissemination of disease 
is not common. Lymphoma is seen as a well- 
defined homogeneous mass, with mild homoge- 
neous contrast enhancement, that spreads between 
normal structures without compressing them [1]. 
Sometimes, the aorta and IVC are immersed in 
the tumor, producing the “floating aorta” sign 
(Fig. ). This sign is characteristic of 


In a 58-year-old man, contrast-enhanced axial CT image 
shows a peripheral enhancing, heterogeneous mass with 
lobulated contour, internal necrosis, and encasement of 
left renal artery (black arrow) and vein. The histopatho- 
logic findings showed that this mass was a paraganglioma 
with high risk of malignancy 


lymphoma and is generally not seen in other ret- 
roperitoneal disorders. Calcification and necrosis 
are uncommon before therapy (Figs. and 

D) [1]. At MR imaging, lymphoma is usually 
isointense on Tl-weighted images and iso- to 
hyperintense on T2-weighted images, with mod- 
erate homogeneous or patchy enhancement after 
contrast material administration [11]. Obstruction 
of the ureters and IVC may be found [1]. 


6.6.2 Metastatic Retroperitoneal 
Lymphadenopathy 


Retroperitoneal lymphatic spread can occur in a 
variety of cancers including renal cell, cervical, 
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Fig. 6.18 Three cases of retroperitoneal teratoma. (a) 
Axial CT image of a 19-year-old man with a mature tera- 
toma shows a well-defined large mass in right retroperito- 
neal space that contains large amount of fat (arrow) and 
several teeth (small arrows). (b) Axial CT image of a 
33-year-old man with a mature teratoma shows a fatty 
mass that contains a nodular calcification (arrow) and 
extends into the retro-aortic space with compressing IVC 
(small arrows). Note the dilated calyces (black arrow) in 


testicular, and prostatic carcinomas. Although 
metastatic lymphadenopathy is not strictly a pri- 
mary retroperitoneal lesion, it is important to 
differentiate metastatic lymphadenopathy from 
other diseases such as lymphoma, Castleman 
disease, sarcoidosis, or infections. Imaging fea- 
tures may significantly overlap. History of pri- 
mary malignancy and the presence of necrosis 
suggest metastatic lymphadenopathy. The imag- 
ing appearance is variable, from discrete 
enlarged nodes to a single conglomerate mass, 
which may not be recognizable as lymphade- 
nopathy (Figs. 6.21 and 6.22) [3]. The upper 
limit of normal size of the lymph node at this 
location is 10 mm, but multiple lymph nodes 


C.K. Sung et al. 


the covered lower portion of the left kidney with severe 
parenchymal atrophy, which may represent the chronic 
obstruction of left ureter by the mass. (c) Axial CT image 
of a 31-year-old woman with a sacrococcygeal teratoma 
shows a cystic mass with focal wall calcifications (arrow) 
and septations in the right-side pelvis. Neither fat nor 
solid component is present in the mass. The histopatho- 
logic findings showed that this mass was a mature cystic 
teratoma 


smaller than 10 mm also should be viewed with 
suspicion. 

Malignant neoplasms in pelvis tend to spread 
initially to the pelvic nodes. However, testicular, 
ovarian, and fallopian tube malignancies spread 
first to the retroperitoneal nodes adjacent to or 
near the renal hila because of spread along the 
gonadal vessels and may involve the pelvic nodes 
by retrograde spread [49]. Retroperitoneal lymph 
node metastasis may be difficult to differentiate 
from primary extragonadal tumor in a rare phe- 
nomenon known as burned-out seminoma of the 
testis in which spontaneous regression of a pri- 
mary testicular tumor occurred after demonstra- 
tion of retroperitoneal lymph node metastasis. 
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Fig.6.19 Hodgkin lymphoma in a 28-year-old man. (a) 
Axial contrast-enhanced CT image shows a large homo- 
geneous mass (arrows) that is encasing and anteriorly dis- 
placing the abdominal aorta (black arrow), producing the 
characteristic floating aorta sign. IVC (small arrows) is 


Fig. 6.20 Diffuse large B-cell lymphoma in a 61-year- 
old man. Coronal reformatted, contrast-enhanced CT 
image shows an elongated-shaped solid mass (arrow) 
with small internal cystic portion (small arrow) at left 
para-aortic region. It is very hard to differentiate from 
other tumor types 


6.7 Miscellaneous 
Retroperitoneal Conditions 
6.7.1 Erdheim-Chester Disease 


Erdheim—Chester disease is a rare, non-inherited 
disease that is a rare form of non-Langerhans cell 
histiocytosis characterized by long bone sclerosis. 


also displaced anteriorly. (b) Follow-up CT at 4 months 
after chemotherapy shows marked size reduction of the 
retroperitoneal mass with newly appeared nonenhancing 
or necrotic portion (arrow) in the mass 


Patients with Erdheim—Chester disease may 
present with widespread manifestations and of 
highly variable severity. Approximately one-half 
of the patients may have extraskeletal or multifo- 
cal disease. Its retroperitoneal manifestations 
may occur in isolation or as a component of dis- 
seminated disease [53]. Retroperitoneal involve- 
ment in Erdheim—Chester disease may produce 
thickened soft tissue rind of perinephric tissue 
and infiltration along the ureters, which can cause 
hydronephrosis or renal failure (Fig. ). MR 
imaging shows low signal intensity of the thick- 
ened soft tissue rind on Tl- and T2-weighted 
images, with minimal contrast enhancement. 
Distinguishing retroperitoneal infiltration in 
Erdheim—Chester disease from other kinds of ret- 
roperitoneal fibrosis is not easy. Occasionally, the 
diagnosis will require biopsy with histologic con- 
firmation [53]. 


6.7.2 Castleman Disease 


Castleman disease, also known as giant or angio- 
follicular lymph node hyperplasia, is a rare 
benign lymphoproliferative disorder that may be 
localized to a single lymph node (unicentric) or 
occur systemically (multicentric). Histologically, 
there is an abnormal overgrowth of cells of the 
lymph system that is similar in many ways to 
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Fig. 6.21 Metastatic retroperitoneal lymphadenopathy 
in a 76-year-old man. (a) Axial contrast-enhanced CT 
image shows large inhomogeneous para-aortic mass 
(arrows) that is anteriorly displacing the inferior vena 
cava (small arrows). Septum-like enhancing internal 
structures in the mass represents conglomerate mass 


Fig. 6.22 Metastatic retroperitoneal lymphadenopathy 
in a 67-year-old woman with a history of endometrial car- 
cinoma. Axial contrast-enhanced CT image shows a sep- 
tate cystic mass (arrow) at left para-aortic region, which is 
difficult to differentiate from other types of primary retro- 
peritoneal tumors. The mass was proved to be metastatic 
lymph nodes with necrotic changes 


lymphoma. It can be classified into microscopic 
subtypes, mainly hyaline vascular and plasma 
cell types. The hyaline vascular subtype accounts 
for 85-90% of cases of Castleman disease and 
tends to be localized (unicentric) and usually 
have a good prognosis. It may occur anywhere 
along the lymphatic chain, and about 70 % occur 
in the mediastinum [15]. 

The characteristic imaging features of local- 
ized form of Castleman disease include a well- 
circumscribed solitary mass or a dominant mass 
with small satellite nodules, showing intense 


formed by multiple enlarged lymph nodes. (b) The pres- 
ence of primary tumor in the same study as well as history 
of primary malignancy helps determine the diagnosis. CT 
scan reveals the presence of prostate cancer (arrow) with 
invasion of seminal vesicle and rectum 


enhancement [15] (Fig. 6.24). The central area of 
fibrosis, if seen, is one of the characteristic fea- 
tures and manifests as hypointense signal on both 
T1- and T2-weighted images [51]. Central cystic 
areas or necrosis is rare. The plasma cell type or 
multicentric form of Castleman disease may 
show hepatosplenomegaly, ascites, and lymph- 
adenopathy, which generally shows lesser 
enhancement than in the localized form [52]. 


6.8 Cystic Neoplastic Masses 


in Retroperitoneum 


The detection rate of retroperitoneal cystic 
masses has increased owing to the widespread 
use of CT and MR imaging. They are found inci- 
dentally and are usually asymptomatic but may 
produce symptoms that depend on the location, 
size, or complications. Contrast-enhanced images 
help in differentiating between cystic and solid 
renal lesions. Complex cystic and solid lesions 
can be characterized further. Imaging can help to 
support clinical management in patients with ret- 
roperitoneal cystic masses by depicting certain 
lesions that do not require treatment. Although 
many overlapped radiologic features have been 
shown to exist among the various retroperitoneal 
cystic masses, imaging can help to support clini- 
cal management for follow-up or planning spe- 
cific surgical approaches. Therefore, an accurate 
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Fig. 6.23 Erdheim—Chester disease in a 45-year-old 
man. (a, b) Contrast-enhanced, coronal reformatted CT 
images demonstrate bilateral hydronephrosis with paren- 
chymal atrophy. Note rindlike soft tissue lesions (arrows) 


Fig.6.24 Castleman’s disease in a 35-year-old 
woman. Contrast-enhanced axial CT image shows a 
well-defined homogeneously enhancing hypervascular 
mass (arrow) at retrocaval region, separated from the 
right kidney. The inferior vena cava (small arrows) is 
displaced anteromedially without compression by the 
tumor. The histopathologic findings showed that this 
mass was a hyaline vascular-type Castleman’s disease 


surrounding both kidneys with probable compromise of 
ureteropelvic junction. (c) Coronal reformatted CT image 
with bone window setting demonstrates symmetric osteo- 
sclerosis (arrows) of the head and neck of bilateral femurs 
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Fig. 6.25 Cystic lymphangioma. (a) Contrast-enhanced 
coronal reformatted CT image in a 35-year-old woman 
shows a huge lobulated—-septated cystic mass (arrows) in 
the right retroperitoneum that displaces the right kidney 
medially. The fluid content of the mass is homogeneous 
with low attenuation values. (b, c) Another case of lymph- 


characterization of retroperitoneal cystic masses 
is essential to ensure appropriate management. 
Retroperitoneal cystic neoplasms include cystic 
lymphangioma, mucinous cystadenoma, cystic 
teratoma, cystic mesothelioma, Miillerian cyst, 
epidermoid cyst, tailgut cyst, bronchogenic cyst, 
cystic change in solid neoplasms, pseudomyx- 
oma retroperitonei, and perianal mucinous carci- 
noma [54]. They should be differentiated from 
nonneoplastic retroperitoneal cystic lesion (pan- 
creatic pseudocyst, nonpancreatic pseudocyst, 
lymphocele, urinoma, hematoma), mesenteric, 
and enteric duplication cysts [54]. 


6.8.1 Lymphangioma 


Lymphangioma is a developmental malformation 
that occurs due to failure of communication of 
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angioma in a 23-year-old woman is seen as a unilocular 
cystic mass (arrows) with homogeneous fluid density and 
thin wall in left retroperitoneal space. The mass is indented 
by surrounding structures such as mesenteric vessels (small 
arrows) and descending colon (black arrows), which means 
that mass effect on the adjacent structures is only minimal 


retroperitoneal lymphatic tissue with the main 
lymphatic vessels [55]. Lymphangiomas in retro- 
peritoneum are uncommon and may occur in the 
perirenal, pararenal, or pelvic extraperitoneal 
spaces. Occasionally, lymphangioma occurs dif- 
fusely with widespread bony and soft tissue 
involvement, which is referred to as generalized 
lymphangiomatosis or cystic angiomatosis [2]. At 
pathologic analysis, cystic lymphangiomas are uni- 
locular or multilocular cysts containing clear or 
milky fluid and lined with a single layer of flattened 
endothelium [1, 54]. On imaging, lymphangioma 
appears as large, thin-walled, unilocular, or multi- 
septated cystic mass, with fluid attenuation or fluid- 
signal intensity and no significant enhancement on 
post-contrast images (Fig. ). It may involve 
more than one retroperitoneal compartment and is 
seen to invaginate between structures without dis- 
placing them [3]. Calcifications are rare. 
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6.8.2 Mucinous Cystadenoma 
and Cystadenocarcinoma 


Mucinous cystadenomas are common ovarian or 
appendiceal tumors, but they are extremely rare 
in the retroperitoneum. The histogenesis of this 
rare tumor is uncertain, but a hypothesis sug- 
gested that it arises from invaginations of the 
multipotential coelomic epithelium with subse- 
quent mucinous metaplasia [56]. Primary retro- 
peritoneal mucinous cystadenomas are usually 
unilocular or multilocular cystic masses sepa- 
rated from the retroperitoneal organs. Because of 
their nonspecific radiologic features, it is diffi- 
cult to distinguish them from other retroperoto- 
neal cystic lesions. Complete surgical resection 
is recommended because of their potential for 
malignant transformation to cystadenocarci- 
noma [57]. 


6.8.3 Tailgut Cyst 


Tailgut cysts, also known as tailgut duplication 
cysts or retrorectal cystic hamartomas, are rare 
congenital lesions that are thought to originate 
from embryonic hindgut remnants. They are 
usually asymptomatic and show strong female 
predilection. Tailgut cysts are most commonly 
seen in the retrorectal or presacral space. CT 
and MR imaging may show a well-marginated 
multilocular mass in the presacral space that 
demonstrates attenuation values ranging from 
that of water to that of soft tissue (Fig. 6.26). 
Calcifications may be seen in the cyst wall, and 
concurrent infection or malignant transforma- 
tion may occur. 


6.8.4 Bronchogenic Cyst 


Bronchogenic cysts are developmental abnor- 
malities of the primitive foregut that are usually 
found above the diaphragm. Rarely, they can 
occur in a subdiaphragmatic location, and a retro- 
peritoneal position is distinctly unusual. Most 
retroperitoneal bronchogenic cysts are found 
near the left adrenal gland or the peripancreatic 
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region. These cysts are diagnosed incidentally 
and are generally too small to cause symptoms. 
They appear as sharply defined, thin-walled, cys- 
tic lesions (Fig. 6.27). Fluid—fluid levels caused 
by complex internal contents, mural calcification, 
layering milk of calcium, and rim enhancement 
may be seen [5]. 


6.8.5 Cystic Change in Solid 
Neoplasms 


Some types of solid retroperitoneal neoplasms 
such as paraganglioma and neurogenic tumor 
often can be cystic. These are typically seen in 
the paravertebral region. Leiomyosarcoma can 
have extensive areas of necrosis and may be pre- 
dominantly cystic. Solid retroperitoneal neo- 
plasms may show prominent cystic change 
resulting from secondary degenerative change 
caused by an inadequate blood supply to the cen- 
ter. Chemotherapy may reduce the bulk of the 
solid retroperitoneal neoplasms and induces 
tumor necrosis and cystic hemorrhage that may 
produce cystic appearance of the tumors after 
chemotherapy. 


6.9 Pathologic Consideration 
of Retroperitoneal Tumors 
6.9.1 Schwannoma 


Schwannoma is a well-demarcated mass with 
yellow-whitish color and myxoid cut surface 
(Fig. 6.28a). Cystic change and hemorrhages can 
be found. Microscopically schwannoma fre- 
quently shows alternating Antoni A and B areas 
(Fig. 6.28b). Antoni A area is hypercellular area 
with spindle cells arranged in fascicles. Tumor 
cells frequently show nuclear palisading and 
often form Verocay body which is formed by 
palisaded nuclei with central anuclear zone com- 
posed of cell processes (Fig. 6.28c). Antoni B 
area is hypocellular area having loosely arranged 
tumor cells with myxoid stroma. Degenerative 
nuclear atypia, cystic change, and hyaline change 
can be present (Fig. 6.28d). 
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Fig.6.26 Two cases of tailgut cyst. (a) Axial CT image 
in a 44-year-old woman with a tailgut cyst shows a mul- 
tiloculated cystic mass with a tiny focal wall calcifica- 
tion (arrow) at retrorectal space. (b, c) Another case of 
tailgut cyst in a 53-year-old woman is seen as a well- 


6.9.2 Liposarcoma 


Liposarcoma can be classified into several sub- 
types, and most liposarcomas of retroperitoneum 
are well-differentiated liposarcoma and dediffer- 
entiated liposarcoma. Retroperitoneal myxoid 
liposarcoma is very rare or absent [58, 59]. 
Grossly well-differentiated liposarcoma is a large 
yellowish mass resembling normal fat tissue 
(Fig. 6.29a). On cut surface, fibrous bands are fre- 
quently found. Dedifferentiated liposarcoma has 
firm, tan to gray non-adipogenic area (Fig. ). 


circumscribed mass with a taillike structure (arrows) at 
retrorectal space. The mass has homogeneous high sig- 
nal intensity on Tl-weighted fat-suppressed axial image 
(b) and intermediate signal intensity on T2-weighted 
images 


Microscopically well-differentiated liposarcoma 
is mainly composed of well-developed adipocytes 
with varying numbers of lipoblasts and atypical 


stromal cells in fibrous bands (Fig. 6 ). 
Dedifferentiated liposarcoma has the area con- 
taining non-lipogenic sarcoma (Fig. ). 


6.9.3 Leiomyosarcoma 


Grossly leiomyosarcoma is a large white-gray 
mass with whirling appearance (Fig. ). 
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Fig. 6.27 Bronchogenic cyst in a 41-year-old man. (a) Additional CT scan in the prone position reveals that the 
Axial CT image shows a well-defined unilocular cystic cyst has intraluminal milk of calcium (small arrows) as 
mass that demonstrates clear-fluid density and calcifica- well as focal wall calcifications (arrow) at posterior wall 
tions (arrow) at dependent portion of the mass. (b) 


Fig. 6.28 (a) Grossly schwannoma shows yellowish by palisaded nuclei and central anuclear zone. (d) 
myxoid cut surface with frequent cystic change. (b) Degenerative nuclear atypia is common finding of old 
Hypercellular Antoni A area (arrows) and hypocellular schwannoma 

Antoni B area (arrow head). (c) Verocay body (arrows) 
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Fig.6.29 (a) Microscopically well-differentiated liposarcoma contains well-developed adipocytes with thick fibrous 


septa. (b) A typical lipoblast is found (arrow) 


Fig. 6.30 (a) Dedifferentiated liposarcoma shows non- 
lipogenic whitish area (arrows) in the background of well- 
differentiated liposarcoma composed of yellowish fatty 


Infiltration into other organs such as the kidney 
and pancreas is common. On cut surface, hem- 
orrhage and necrosis can be found (Fig. ). 
Microscopically leiomyosarcoma is mainly 
composed of elongated spindle cells with 


Soe ae 
dus 


tissue. (b) Microscopically non-lipogenic spindle cell 
sarcoma (right) is present adjacent to well-differentiated 
liposarcoma (left) 


cigar-shaped nuclei (Fig. ). Tumor cells 
frequently reveal fascicular arrangement. Less 
differentiated cases show more nuclear pleo- 
morphism and high mitotic rate. Hemorrhage, 
necrosis, or myxoid change can be found. 
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Fig. 6.31 (a) Gross photograph of leiomyosarcoma 
shows whitish cut surface. (b) Another leiomyosarcoma 
case shows hemorrhage and necrosis. (c) Microscopic 


6.9.4 Ganglioneuroma 


Gangliomeuroma can arise in adrenal medulla and 
more commonly in mediastinum and retroperito- 
neum [60]. Grossly, ganglioneuroma is a large 
well-demarcated and encapsulated mass showing 
homogeneous gray-white cut surface (Fig. 6.32a). 
Microscopically this tumor is fully differentiated 
tumor and entirely composed of ganglion cells 
and schwannian stroma (Fig. 6.32b). 


6.10 Surgery of Retroperitoneal 
Tumor 

6.10.1 Introduction 

The retroperitoneal space is located between the 


peritoneum and the posterior abdominal wall and 
ranges from the pelvic floor to the diaphragm. 


examination reveals intersecting malignant spindle cell 
bundles with frequent mitosis 


Primary tumors of retroperitoneum may arise 
from tissues in this space. They may be originated 
from adipose tissue, connective tissue or fascia, 
muscle, vascular tissue, nervous tissue, and lymph 
nodes, which can be encountered in retroperito- 
neal space [61]. Of primary retroperitoneal 
tumors, over 80% are malignant, and sarcomas 
are most common malignant tumor which occurs 
in retroperitoneal space [62]. Because retroperito- 
neal tumors tend to give no symptom until they 
grow up to substantial size, they are usually found 
to be large size at presentation [63]. 

Complete surgical resection is the treatment of 
choice for retroperitoneal tumors. Especially in 
retroperitoneal sarcoma, complete resection of 
the tumor only can offer the chance of cure [64]. 
Complete macroscopic removal has known to be 
the most powerful prognostic factor that has 
impact on survival of patients with retroperito- 
neal sarcoma in many studies [19, 65—68]. Also, 
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Fig. 6.32 (a) Grossly ganglioneuroma is a well-demarcated mass with whitish cut surface. (b) Ganglioneuroma is 
composed of ganglion cells (arrow) and schwannian stroma 


in the management of benign lesion including 
lipoma or neurogenic tumors, complete resection 
is recommended because of the risk of malignant 
transformation and recurrence [69, 70]. Several 
large series regarding retroperitoneal sarcomas 
reported that the complete resection of tumor was 
obtained in 55—78 %, and 5-year overall survival 
ranges from 39 to 68 % [19, 66, 68, 71, 72]. 
Although complete resection with enough 
resection margins is the surgical principal of ret- 
roperitoneal tumors, it may be hampered by the 
invasion of tumors to adjacent organs. 
Retroperitoneal space hosts various critical 
organs, and retroperitoneal tumors often abut 
against them. Although preoperative image study 
enables access to adjacent involvement of retro- 
peritoneal tumor, definite decision is made intra- 
operatively in many cases [73]. Large case series 
reported that over 80% of surgical cases needed 
simultaneous resection of affected organs with 
tumor [19, 63]. Affected organs may be the major 
vessels, diaphragm, kidney, spleen, pancreas, and 
intestine, and the colon, kidney, pancreas, and 
spleen are commonly affected by retroperitoneal 
sarcomas and often simultaneously resected with 
tumor [63]. A review reported that 20% of 
patients who underwent surgery for retroperito- 
neal sarcoma need to have nephrectomy simulta- 
neously [74]. Often, major vessels are affected by 
tumor, and concomitant resection is needed. In a 
case series of 63 retroperitoneal tumors, 
concomitant resection of major blood vessel was 
necessitated in 5% of all cases [73]. Inferior 


vena cava (IVC) is known as the most affected 
major blood vessel by retroperitoneal tumor. In 
most cases with IVC resection, synthetic graft is 
used to reconstruct IVC [75-77]. Occasionally, 
subtotal resection is needed for the relief of 
symptom; however, it must be decided consider- 
ing benefit and risk preoperatively. Complications 
following retroperitoneal tumor excisions are 
bleeding, infection, and delayed wound healing. 
Perioperative mortality rate is reported as 1-3 % 
according to large series and recent database 
review [19, 63, 78]. 

Recently laparoscopic resection of retroperi- 
toneal tumor has been emerging in selected cases. 
In benign retroperitoneal mass without affected 
adjacent organ, laparoscopic resection of tumor 
showed good perioperative outcomes [78, 79]. 
Also, in the case of sarcoma, a few case report of 
laparoscopic resection has been reported [80- 
83]. However, considering the principal of sur- 
gery of retroperitoneal tumor especially in 
malignant tumors and high probability of open 
conversion, the selection of cases have to be 
made with very strict preoperative assessment. 


6.10.2 Surgical Procedure 
and Anatomy 


Surgeon can approach in several ways including 
long midline, chevron, subcostal, thoracoabdominal, 
and flank incision to resect retroperitoneal 
tumors. Also, laparoscopic approaches may be 
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Fig.6.33 Surgery for a retroperitoneal tumor. (a) Retroperitoneal tumor and peritoneum, (b) IVC and tumor, (c) kid- 
ney and tumor, (d) medial and superior side of tumor, and (e) lateral side of tumor 


the option for the resection of benign retroperito- 
neal tumors. The location and size of tumor have 
to be considered preoperatively in making deci- 
sion of which approaches is made. Flank incision 
is made at the skin of 10th intercostal space. 
After approaching the retroperitoneal space, the 
posterior layer of the tumor is dissected from the 
posterior abdominal wall. Genitofemoral nerve 
and psoas major muscle are visualized after dis- 
section of the posterior layer. To expose the 


tumor, peritoneum overlying the tumor is 
retracted medially, and plane between tumor and 
peritoneum is developed with blunt and sharp 
dissection (Fig. 6.33a). After peritoneum is com- 
pletely separated from the tumor, IVC and lower 
pole of the kidney are visualized at the medial 
side and superior side of the tumor, respectively 
(Fig. 6.33b, c). 

Postoperative motor or sensory neurogenic dis- 
turbance is a major complication following resec- 
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tion of schwannoma. The dissection of the nerve 
fascicle along the tumor is known to be mainly 
responsible for postoperative neurologic deficit 
[84, 85]. To avoid injury to nerve fascicle, meticu- 
lous dissection between tumor and fascicle is 
needed. Intraoperative nerve stimulation helps sur- 
geons to know whether the tissue planned to dis- 
sect or divide is a functional nerve fascicle or not. 
In laparoscopic retroperitoneal tumor resection, 
port placement is made considering the location of 
tumor (Fig. 6.33d, e). In this case, about a 3 cm- 
sized benign neurogenic tumor is located between 
the inferior vena cava and right kidney. To expose 
the tumor, a peritoneal incision parallel to the lat- 
eral border of duodenum is made, and duodenum 
and ascending colon are mobilized medially. After 
medial mobilization of duodenum and colon, [VC 
and psoas major muscle are visualized. The tumor 
is abutting psoas major medially, right renal vein 
superiorly (Fig. 6.33d), and right kidney laterally 
(Fig. 6.33e). Following careful dissection of the 
medial, lateral, and superior planes, the vascular 
pedicle of the tumor is exposed and divided. 
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